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Teachers face many challenges as we move forward into the age of the Next Generation Science 
Standards (NGSS) (Achieve, Inc., 2013).  The NGSS aim to develop a population of scientifically 
literate and talented students who can participate in the “innovation-driven economy” (p. 1).  In 
order to meet these goals, teachers must provide students with opportunities to engage in science 
and engineering practices (SEPs) and learn core ideas of these disciplines. 
This study followed pre-service secondary science teachers as they participated in a 
secondary science teacher preparation program intended to support the development of their 
pedagogical design capacity (Brown, 2009) related to planning and supporting whole-class task-
based discussions.  Teacher educators in this program designed an intervention that aimed in 
supporting this development.  This study examined a particular dimension of PDC – specifically, 
PSTs effective use of resources to plan science lessons in which students engage in a high demand task, participate in SEPs, and discuss their work in a whole-class setting.  In order 
to examine the effectiveness of the intervention, I had to define PDC a priori.  I measured PDC 
by documenting how/whether PSTs engaged in the following instructional planning practices: 
developing Learning Goals, selecting and/or designing challenging tasks, anticipating student 
thinking, planning for monitoring student thinking, imagining the discussion storyline, planning 
questions, and planning marking strategies.   
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 Analyses showed a significant difference between baseline lesson plan scores and 
Instructional Performance scores.  These findings suggest these patterns and changes were 
directly linked to the teacher preparation program.  The mean increase in Instructional 
Performance scores during the course of the teacher preparation year further supports the effect 
of the teacher preparation coursework.   
 Pre-service teachers with high pedagogical design capacity continually integrated the 
ambitious planning practices they learned in their coursework.  In contrast, pre-service teachers 
with low pedagogical design capacity appeared to appropriate the vocabulary and language they 
learned in coursework, but did not integrate these practices at a high level.   This study suggests 
that pre-service teachers who receive intensive instruction on ambitious planning practices for 
task-based discussion effectively develop the pedagogical design capacity to plan for task-based 
discussion lessons. 
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1.0  THE RESEARCH PROBLEM 
Teachers will face many challenges as we move forward into the age of the Next Generation 
Science Standards (NGSS) (Achieve, Inc., 2013).  The NGSS aim to develop a population of 
scientifically literate and talented students who can participate in the “innovation-driven 
economy” (p. 1).  In order to meet these goals, teachers must provide students with opportunities 
to engage in science and engineering (SEPs) practices (Figure 1.1) and learn core ideas of these 
disciplines. 
 
Figure 1.1: Science and Engineering Practices for K-12 Classrooms. From The Next Generation Science 
Standards (Achieve, Inc., 2013) 
 To begin with a clear vision of what instruction that aims to meet the NGSS goals might 
look like, consider the following vignette1 of Mr. Gates’ classroom (from Cartier, Smith, Stein, 
& Ross, 2013).    
                                                 
1 The vignette is intended to make salient certain types of teacher-student interactions and the level and type of thinking required to teach with understanding.  As 
such, the vignette is an enhanced composite that highlights specific aspects of instruction. 
Science and Engineering Practices (SEP) for K-12 Classrooms 
 
1. Asking questions. 
2. Developing and using models. 
3. Planning and carrying out investigations. 
4. Analyzing and interpreting data. 
5. Using mathematics and computational thinking. 
6. Constructing explanations. 
7. Engaging in argument from evidence. 
8. Obtaining, evaluating, and communicating information. 
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 In Mr. Gates’ seventh-grade life science class, the early units of the course 
focus on natural variation and patterns of growth in organisms.   In order to study 
these patterns and variation, students were gathering data on the growth of 
Wisconsin Fastplant (Brassica rapa).  At the end of this lesson arc, Mr. Gates 
wanted his students to understand three scientific ideas:   
 
1) Natural variation exists in any population of organisms.  To identify 
patterns and correlations, one needs to use mathematical tools that make it 
possible to describe “typical” growth (including the spread of values that 
can be considered typical).  Typical growth in Fastplants is described by 
range and shape.  This is often the case in populations of organisms.   
2) Fastplant growth is characterized by an s-shaped growth curve, where 
stem length increases slowly for the first 10-12 days and then increases 
quite steeply for about 7 more days.  Following pollination (around Day 
18), the stem growth slows considerably.   
3) The growth patterns of Fastplants can be explained by considering where 
the plant is “spending” its energy resources at various stages of its life 
cycle and how that is advantageous (e.g., following pollination the plant 
does not invest energy resources in additional flower production or stem 
growth, but instead uses its energy to nurture the growth of seed pods and 
seeds).  
 
 In preparation for this unit and in consideration of time, Mr. Gates planted 
Fastplant seeds in containers to allow time for seed germination.  He planted 6 
plants in each container.   On Day 10, the students received individual plant 
containers.  Students decided to measure “growth” of the plants every 2-3 days for 
11 days, marking a piece of string to indicate the plant height and then putting the 
sting on a ruler to get the height in cm.  Once students had finished collecting data 
on the plants, Mr. Gates wanted them to create a representation for their data that 
would enable them to answer the question: How would we describe the growth 
of a typical Fastplant?   
   
 Mr. Gates told his students that they could represent their data any way 
they wanted.  He also told them they could use their raw data (their actual 
recorded values) or transform their data in some way, which would be depicted in 
the representation.  He emphasized that students needed to be able to explain: 1) 
what values they plotted; 2) how they got those values; and 3) why their 
representation helps to answer the question, “How would we describe the growth 
of a typical Fastplant?” In this first discussion about the Fastplant data, he hoped 
to focus primarily on learning goals 1 and 2.   
  
 As students worked on the task in their groups, Mr. Gates circulated 
among the 8 groups, made note of the different approaches the students used and 
asked clarifying questions.  In addition, he pressed students to think about what 
information they needed to create their representations, why they chose to 
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represent their data the way that they did, and how they could describe typical 
Fastplant growth using their representation. 
  
 Mr. Gates noted that the groups were using different approaches to 
represent their data -- different formats (bar graphs, pictures, line graphs) and 
measures of central tendency (e.g., mean, range). He thought that group 1 used the 
most unusual approach of all, choosing to represent their data by creating pots for 
each plant indicating the length of each plant in the pot at the indicated time 
points.  Mr. Gates noticed that although this approach provided information about 
plant height, there might be some difficulty in interpreting the representation.  
  
 Although he instructed each group to hang their poster on the wall, he 
quickly decided to focus the discussion on the representations produced by Group 
7, Group 1, Group 8 and Group 5.  He felt that this set would highlight a range of 
approaches for representing the data and, he hoped, make clear that some 
representations provided more insight into typical plant growth than others. 
  
 He began by asking Ryanne from Group 7 to share her group’s work with 
the class.  Since three of the groups had produced line graphs, this seemed like a 
good place to start.  Although there were four members of the group, it had been a 
few days since Ryanne shared ideas during a whole class discussion and Mr. 
Gates wanted this student to have an opportunity to demonstrate her 
understanding.   
  
 Once Ryanne reached the front of the room, she explained that her group 
measured the height of each plant and found that from day 13 to 21 the plants 
grew a lot.  So, she explained, they chose to represent their data in a line graph 
that depicted the growth of all six of their Fastplants in a different color. 
 
 Mr. Gates then posed a question to the class asking, “What are some 
things you notice about the representation Group 7 has created?”  Several students 
shared their ideas:   
 
 Juan:   You can easily see the day of measurement and the height of the 
plants.    
 Mr. G.:  Okay, Juan, where do you see that?   
  Juan:  The graph has axes that are labeled and there is a key so we can 
tell which plant is which.   
  Mr. G.:  Okay, so the x and y axes allow us to understand what data is 
represented.  Class, do we agree with that?   
  Trina:  I do.  You can also see the height of all the plants on any day they 
were measured.   
 Mr. G.:  Okay, so what does this graph tell you about the plants’ growth?   
 Trina:  The plants get taller over time.   
 Mr. G.:  Okay, the plants get taller over time. What else?   
 David:  Some plants are growing faster and taller than others.  
  21 
  Tessa:   The plants start out growing slowly, then they really grow a lot, 
and then they sort of don’t grow much. 
  
 At this point, Mr. Gates asked the class if they could “see” what Tessa 
described in the graphs.  Marcela, from Group 8, volunteered, “Each of the 
graphs has the same basic shape that sorta looks like an S.”  Mr. Gates asked the 
class whether the line graphs that Groups 2 and 3 had produced (which were 
displayed for all to see) had this same general appearance.  The students all 
nodded in agreement. Moses, from Group 3, commented, “Yeah, no matter 
whether it’s a tall plant or a short plant, it still has the same shape.”  Mr. Gates 
noted, “So, could we say that an s-shaped growth curve is typical for 
Fastplants?”  Many students again nodded their agreement. England added, “You 
can really see from all the line graphs that the plants have an s-shape growth 
curve over the time that we measured them.”  Mr. Gates explained that it was 
typical for these plants to grow slowly at the beginning of their life cycle 
followed with a steep increase in growth that can be seen in these graphs.  
Although the idea typical growth had not been specifically raised by the first 
group, by building on what Tessa had noticed about the plants, Mr. Gates was 
able to get students to consider an s-shaped growth curve as a way to describe 
typical growth (p. 34-402). 
 
Mr. Gates’ lesson reflects how a teacher might enact the vision of the NGSS – 
specifically, how he might provide and support opportunities for students to engage in science 
and engineering practices that mirror those in the professions (Figure 1.1).  Mr. Gates’ students 
had an opportunity to plan and carry out an investigation (SEP 3) as they measured the 
Fastplants’ growth.   During these investigations, students collected and represented data on 
plant height.  As students constructed their representations, they interpreted and analyzed their 
data (SEP 4) in various ways including using measures of central tendency.  Mr. Gates asked the 
students to construct an explanation (SEP 6) detailing how their representation answered the 
central question of the investigation.  When the whole class discussion began, students 
communicated their group’s findings and Mr. Gates prompted students to critically examine and 
evaluate the work of their classmates (SEP 8).   
                                                 
2 Reprinted with permission from the National Council of Teachers of Mathematics. 
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 In classrooms such as Mr. Gates’, where students are engaged in SEPs, teachers face the 
additional challenge of designing instruction so that students are wrestling with the underlying 
science ideas at a high level (Engle, 2011; Engle & Conant, 2002; Stein & Smith, 2011).  To 
design instruction in this way, a teacher must first identify key learning goals to focus the lesson 
and then choose a task that is robust enough to support students’ thinking and learning in the 
discipline. After selecting (or designing) a task, the teacher must then imagine in detail the ways 
in which his/her students might engage with the task, design appropriate tools and scaffolds to 
support and direct that engagement, and plan for ways to monitor students’ work during the task.  
 Clearly, this work of instructional design is complex. In this study, I investigated the 
extent to which pre-service secondary science teachers develop the capacity to design 
instructional opportunities for students through: (1) collaboratively completing a challenging task 
that involves participation in one or more SEP, and (2) actively participating in a structured class 
discussion in order to share ideas and develop consensus understanding of key patterns and/or 
disciplinary concepts. In the sections that follow, I provide a brief summary of the research base 
for the proposed study, describe the specific research questions in detail, and discuss the 
potential contributions and limitations of the work. 
1.1 BACKGROUND 
1.1.1 Teachers as Instructional Designers 
In order for the ambitious vision of science instruction presented by the NGSS (Achieve, Inc., 
2013) to become a reality in secondary schools, teachers must design instruction with these goals 
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in mind.  By using various curriculum resources (e.g. texts, online lesson plans and resources, 
standards, curriculum materials, etc.), teachers can design instruction that supports students’ 
engagement in SEPs and their sense-making related to key disciplinary phenomena. The ability 
to navigate through the vast number of these resources and to design instruction appropriate for 
each group of students is the essence of what Brown (2009) terms pedagogical design capacity 
(PDC).      
 Not surprisingly, many teachers rely on curriculum materials as they design their 
instruction (Ball & Cohen, 1996; Beyer, Delgado, Davis, & Krajcik, 2009). However, many of 
these curriculum materials do not provide teachers with the needed support to design and teach 
lessons in which students participate in challenging tasks and have opportunities to engage in the 
science and engineering practices advocated by the NGSS.  Moreover, it can be problematic if 
teachers interact with curriculum materials chiefly by “offloading” (Brown, 2009) responsibility 
for decision-making (i.e. by following the curriculum materials as written) rather than by 
critically drawing from the materials during the instructional design process. Often, the materials 
used are inadequate to support student sense-making through inquiry.  Thus, teachers must use 
the available curriculum materials in critical and strategic ways and also draw upon other 
resources in order to design instruction that supports students’ science engagement at a high 
level.   
 This study is situated in the perspective that critical and intentional use of instructional 
models and curriculum materials may play an important role in teachers’ planning of high-level 
task-based discussions (Brown, 2009; Beyer & Davis, 2009; Cartier et al., 2013; Davis & 
Smithey, 2009; Remillard, 2005; Zembal-Saul, 2009).  More specifically, this study examined 
pre-service secondary science teachers’ (PSTs’) developing PDC as they draw on various 
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resources – including texts, online resources, and instructional models presented in their 
pedagogy courses - to plan for and implement high-level task based discussions.  In the sections 
that follow, I provide background that addresses why this type of instruction is worthy of focus 
with particular emphasis on the importance of science discourse in classrooms.   
1.1.2 The Importance of Science Discourse in Classrooms  
Students in today’s science classrooms must have opportunities to develop the practices and 
skills used in science and engineering professions in order to be productive members of our 
technologically advanced society (Achieve, Inc., 2013; Duschl, 2008). Discourse – or students 
engaging in talk with one another around disciplinary concepts – is a key component of 
classrooms where students are engaged productively in SEPs. While discourse is necessary to 
achieve the NGSS goals, it is also a challenge for teachers to orchestrate (Grossman et al., 2009a; 
Stein, Engle, Smith, & Hughes, 2008).  
 As teacher educators, our goal is to provide pre-service teachers with conceptual and 
practical tools to support their learning and teaching (Grossman, Hammerness, & McDonald, 
2009b), and we are particularly interested in supporting their skills related to orchestrating 
productive classroom discussion. Researchers have identified many different pedagogical 
strategies designed to aid teachers in supporting robust discussions and supporting students in the 
types of discourse that increase deep understanding.  Pedagogical frameworks, such as 
Investigating and Questioning our World Through Science and Technology (IQWST)  (Berland 
& Reiser, 2008; McNeill, Lizotte, Krajcik, & Marx, 2006), the evaluate-alternatives model 
(Sampson & Grooms, 2009), the Accountable Talk framework (Michaels, O’Connor, & Resnick, 
2008), and the Five Practices model (Smith & Stein, 2011; Stein et al., 2008) provide teachers 
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with strategies and techniques that support student learning through discussion.  These 
frameworks have several features in common. Specifically, each emphasizes the need for 
teachers to (1) choose appropriate instructional content that promotes discourse, (2) guide and 
support students through scaffolding, and (3) hold students accountable to classroom and 
scientific norms.   
 Of these frameworks, teacher educators at a large urban university in the Midwest 
selected the Five Practices model to support PSTs as they plan for and design science 
discussions.  Prior to this study, teacher educators spent three years integrating the Five Practices 
model into pedagogy courses at the university, which is described in greater detail in Chapter 
Three.    This early design work produced evidence that the model can help teachers achieve the 
goal of designing demanding tasks and supporting students’ engagement in them (Cartier et al., 
2013).    
1.1.3 The Five Practices Model for Orchestrating Productive Discussions  
Often, teachers struggle in planning for and implementing whole class task-based discussions 
(Cartier et al., 2013; Smith & Stein, 2011; Stein et al., 2008). It is difficult for teachers to provide 
opportunities for students to share their thinking while still maintaining control over the 
discussion and ensuring that the desired learning goals emerge.   Stein et al. (2008) explain that a 
major challenge for teachers is orchestrating whole-class discussions around instructional tasks; 
teachers often have difficulty utilizing the variety of student responses to particular tasks and 
incorporating them into a coherent line of dialogue.  In order to aid teachers in effectively using 
student responses in a whole class discussion, they proposed a model that is designed to make 
teaching more manageable.  By supporting teachers in learning how to anticipate student 
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responses, monitor student responses to tasks, select students to present their responses, 
purposefully sequence the students’ responses, and connect the ideas through discussion, the 
model guides teachers through the processes of preparing for and supporting whole class 
discussions (Smith & Stein, 2011; Stein et al., 2008).   
1.1.4 Implementing Discussions Around High-Level Tasks 
In order to implement task-based discussions that support students’ learning of disciplinary core 
ideas and SEPs, tasks must be high-level, or cognitively demanding (Smith & Stein, 2011; 
Cartier et al., 2013).  Researchers characterize instructional tasks in many ways.  One way to is 
to identify and describe the level of cognitive demand required of the students (Doyle, 1983; 
Stein, Grover, & Henningsen, 1996).  A high cognitive demand task requires students to invest a 
significant amount of effort in making sense of the underlying phenomena or concepts being 
studied (Doyle, 1983).  
 Teachers can implement high cognitive demand tasks at different points in an arc of 
lessons and/or can focus on a variety of SEPs.  This study focuses on three particular task types 
that, when used together, provide opportunities for students to participate and engage in all eight 
science and engineering practices described in the NGSS.  These three task types are: (1) 
experimentation, (2) data representation, analysis, and interpretation, and (3) explanation (Cartier 
et al., 2013).   Experimentation tasks are tasks in which students engage in protocol design, 
critique, and/or follow a protocol to gather data.  Data representation, analysis, and interpretation 
tasks involve students representing data and interpreting patterns.  The students in Mr. Gates’ 
class, described in the vignette presented earlier in this chapter, engaged in this second category 
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of science tasks.  Finally, during explanation tasks, as the name implies, students provide 
explanations for patterns and phenomena.    
1.1.5 How Teachers Learn   
Traditional approaches to teacher education center on teacher learning of theoretical knowledge 
divorced from the context of classroom practice. In contrast, researchers argue that teacher 
learning should be situated in the context of practice (Ball, Sleep, Boerst, & Bass, 2009; Feiman-
Nemser, 2001; Putnam & Borko, 2000).  Ball and Forzani (2009) argue that developing the 
capacity to implement certain high-leverage practices should be the focus of teachers’ 
professional preparation.  Focusing on a set of core, or high-leverage, practices in teacher 
education allows pre-service teachers to begin to develop a set of necessary skills to successfully 
support student learning through inquiry (Grossman et al., 2009b).  In the secondary science 
program in which this study was based, teacher educators adopted this practice-based focus in 
which PSTs participated in the high-leverage practice of designing high-level tasks where 
students engage in task-based science discussions.   
Using the Grossman et al. (2009a) framework, teacher educators provided teachers with 
opportunities to approximate carefully decomposed high-leverage practices, like orchestrating 
discussions (Grossman et al., 2009b).  In order to support teachers’ ability to successfully 
orchestrate task-based discussions, teacher educators decomposed the Five Practices model to 
highlight the planning practices necessary to support these discussions.  Teacher educators then 
developed or selected representations that depict the practices and support PSTs in 
approximations of them.  
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1.2 THE STUDY 
1.2.1 Purpose & Research Questions  
Researchers have examined the implementation of the Five Practices model, particularly in 
mathematics (Eskelson, 2013; Smith, Cartier, Eskelson, & Ross, 2013; Stein et al., 2008).  
However, PDC in conjunction with implementation of the Five Practices was not a focus of these 
studies.  Additionally, few researchers have studied the development of PDC related to task-
based science discussions.  Consequently, little is known about the ways in which PSTs use 
curriculum materials and available resources as they plan for and implement productive whole-
class discussions and the types of scaffolds, models, and learning structures that can support 
them in doing so.     
 This study followed PSTs as they participated in a secondary science teacher preparation 
program intended to support the development of their PDC related to planning and supporting 
whole-class task-based discussions.  Teacher educators in this program designed an intervention 
that aimed in supporting this development.  As part of the teacher education program, the PSTs 
engaged in the following: 
o Developed a shared vision of what disciplinary engagement looks like in 
secondary classrooms.   
o Compared/contrasted instructional tasks and identified opportunities for 
engagement in the SEPs.   
o Learned the components of a lesson plan and wrote a lesson plan using those 
components. 
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o Planned, taught, and reflected on whole-class task-based discussions in their field 
placements.   
 This study examined a particular dimension of PDC – specifically, PSTs’ effective use of resources to plan science lessons in which students engage in a high demand task, participate in SEPs, and discuss their work in a whole-class setting.  In order to examine the 
effectiveness of the intervention, I had to define PDC a priori.  I measured PDC by documenting 
how/whether PSTs engaged in the following instructional planning practices: developing 
Learning Goals, selecting and/or designing challenging tasks, anticipating student thinking, 
planning for monitoring student thinking, imagining the discussion storyline, planning questions, 
and planning marking strategies. I studied how PSTs use resources during the instructional 
design process and whether they connect explicitly to these planning practices during reflection 
following implementation of task-based discussion lessons. 
This dissertation study addressed the following research questions:   
I. To what extent do PSTs draw on the Five Practices Model to support planning of 
task-based discussion lessons? 
Specifically –  
i. To what extent do they anticipate students’ work on the task?  
ii. To what extent do they plan for ways to monitor students’ work during the 
task?  
iii. To what extent do they plan specific questions to elicit, challenge, or 
extend students’ thinking?   
iv. To what extent do they plan or imagine a storyline for how they want the 
discussion to unfold?   
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v. To what extent do they plan to make connections across students’ ideas 
and connect to disciplinary ideas?   
vi. To what extent do they plan for specific marking strategies to highlight 
important ideas? 
vii. To what extent do they purposefully select and sequence the ideas they 
want to emerge during the discussion?  
a. What available curriculum materials, including texts, online resources, and 
standards, do PSTs use during planning of these lessons? 
b. What other resources or frameworks do PSTs use to plan task-based discussion 
lessons?  
II. To what extent does PSTs’ use of various resources and planning strategies support or 
hinder their ability to create lessons in which students are engaged in a challenging 
task where they participate in SEPs and engage in discussion?  
III.  To what extent does PSTs’ pedagogical design capacity (PDC) for task-based science 
discussion lessons change over the course of their teacher preparation program? Are 
patterns and changes related to specific learning opportunities or elements within the 
teacher preparation program?   
1.2.2 Significance 
This study addressed a number of important issues under the broader umbrella of PDC.  First, 
few researchers have explored the development of PDC specifically related to designing high 
cognitive demand tasks where students engage in discussion (Beyer, 2009; Beyer & Davis, 2009; 
Eskelson, 2013; Forbes, 2009; Forbes & Davis, 2008; Smith et al., 2013).  In the next chapter, I 
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describe the research related to PDC and instructional design.  In this study, using descriptive 
methods, I drew on data from PSTs in a secondary science teacher education program.  I 
examined how the PSTs use the available curriculum materials, resources, and instructional 
models to plan for their instruction.  Specifically, I focused on the types of curriculum materials 
and resources used as well as the adaptations and modifications made to those materials.  
Additionally, I examined the PSTs’ use of the Five Practices model and other tools introduced 
during their coursework, as they plan for and reflect on their instruction.  From this study, 
teacher educators can gain insight into how the Five Practice model supports the development of 
PDC in PSTs.  Furthermore, this study provides insights and practical suggestions regarding how 
to design experiences for PSTs that support their developing PDC as science teachers.  This 
study offers insight into how teacher educators might design learning contexts to support PSTs’ 
planning for more authentic science practices.  
Finally, this dissertation study contributes to the existing literature regarding the PSTs’ 
use and adaptation of curriculum materials (Beyer & Davis, 2009; Forbes, 2009), as well as 
literature on supporting the development of teachers’ PDC (Brown, 2009; Brown & Edelson, 
2003; Forbes, 2011; Forbes & Davis, 2010). In addition, this study aims to design learning 
contexts for PSTs to equip them with the tools to design particular learning opportunities for 
their students where discussions are the principle learning structure and identify characteristics of 
successful design.   
1.2.3 Limitations  
This study investigated a small number (N=15) of PSTs in a single teacher education program.  
All participants in this study were enrolled in a graduate teacher preparation program at a large 
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urban university in the Midwestern United States that culminated in a 7-12 certification in a 
content area science and Master of Arts in Teaching degree.  In order to be accepted into this 
program, applicants must have an undergraduate science degree with a minimum 3.0 GPA.  
Thus, these PSTs may not be representative of all PSTs in the country.      
Furthermore, the PSTs selected for this study were a sample of convenience.  As such, 
these PSTs were not a representative sample of all PSTs and the findings are not generalizable to 
all PSTs or teacher education programs.  However, the findings provide some evidence of the 
potential influence and usefulness of an intervention of this type and could be used as a guide for 
further research in teacher education.  This study focused exclusively on planning practices and 
capturing PDC, but did not connect PDC with instructional practice.  This study measured the 
instructional design capacity of PSTs, but did not address instructional efficacy or impact.  
Additionally, during the 2013-2014 school year, I served as a co-instructor for the 
secondary science methods courses and as a clinical field supervisor.  As such, I co-planned, 
instructed, and provided feedback to the PSTs on the various course assignments throughout the 
year, in addition to supporting the development of the PSTs during their clinical experiences.  
During the dissertation study, I served as a co-instructor for the secondary science methods 
course and as principal researcher for this study. Assuming both roles, it is essential that I define 
each.  As instructor, I co-planned and facilitated class discussions, provided support for PSTs’ 
use of the Five Practices model, and provided feedback on written assignments.  However, I did 
not teach the all sections of the course related to lesson planning, nor did I provide feedback on 
the all lesson plans and assignments PSTs complete during the course.  As principal researcher, I 
obtained consent at the start of the semester so that I could use the PSTs’ work in my study.  I 
also obtained additional consent from a small sample of PSTs so that I could interview them at 
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various points during study.  Serving as course instructor and principal researcher might limit the 
degree to which the PSTs remain open and honest in their answers, which is why the interviews 
were conducted after the completion of the fall and spring terms.   
1.3 OVERVIEW 
In the chapters that follow, I provide justification for and detailed information about the design 
of the study.  In Chapter Two, I provide a thorough discussion of the research that informs this 
study and the theoretical framework on which it is based.  Chapter Three details the context of 
the study itself, and the methods used to address the research questions.  I describe the data 
sources and present the methods of collecting, coding, and analyzing the data.  The results of the 
analyses described in Chapter Three are presented in Chapter Four.  Chapter Five summarizes 
the results found in Chapter Four and discusses the implications of these results and possible 
explanations for them as well as provides recommendations for further study. 
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2.0  LITERATURE REVIEW 
In establishing the groundwork for this study, I first explore research on providing learning 
opportunities for teachers through the relationship between teachers and curriculum materials 
and their role as instructional designers.  I then describe learning contexts for professional 
practice.  Third, I discuss the instructional tools and resources that support teachers’ design of 
lessons that supports student engagement in the SEPs described in the NGSS (Achieve, Inc., 
2013).  Finally, I provide a description of the high-level tasks and resources to help beginning 
teachers learn to draw from curriculum materials and resources to enact the planned curriculum 
in their classrooms.  
2.1 UNDERSTANDING TEACHERS’ USE OF CURRICULUM MATERIALS 
Curriculum materials and the ways in which teachers use those materials play an important role 
in their professional practice.  Teachers’ beliefs, knowledge, and resources impact their planning 
in a variety of ways.  There is a growing line of research in education that examines the ways in 
which teachers use curriculum materials to engage in the work of teaching (Beyer, 2009; Beyer 
& Davis, 2009; Brown & Edelson, 2003; Davis & Krajcik, 2005; Drake & Sherin, 2006; Forbes, 
2009; Forbes, 2013; Forbes & Davis, 2008; Grossman & Thompson, 2008; Pintó, 2004; 
Remillard, 2000; 2005).  These studies detail the ways in which teachers’ beliefs and knowledge 
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about teaching, student learning, and the discipline influence how teachers draw upon and use 
curriculum materials to engage students in learning.   
In the sections that follow, I discuss this research and outline perspectives on the teacher-
curriculum relationship. First, I define and provide detail about the term “curriculum materials.”  
I, next discuss relevant research on teachers’ use of curriculum materials, specifically focused on 
pre-service teachers.  Next, I describe the notion of teachers as instructional designers and 
pedagogical design capacity.  Finally, I detail ways to support teachers as they interact with and 
use curriculum materials and articulate the frameworks used in this study to support teachers’ 
learning.    
2.1.1 Defining Curriculum Materials  
Curriculum materials take a variety of forms.  Researchers use the term “curriculum materials” 
to describe the resources teachers use to design lessons that support students’ learning.  Those 
materials include, but are not limited to, standards, lesson plans, textbooks, laboratory manuals 
and guides, curriculum programs, teacher-created materials, and professional publications 
(Grossman & Thompson, 2008), which Shulman (1987) describes as “tools of the trade for 
teachers” (p. 8).  Typically teachers draw on these materials in order to plan lessons that promote 
students’ learning of canonical ideas (Remillard, 2005).  In doing so, teachers create lesson plans 
that are refined and revised from year to year as they reflect on student learning and the 
emergence of new curriculum materials.  Therefore, curriculum materials not only support 
student learning but also support teachers’ learning (Ball & Cohen, 1996; Davis & Krajcik, 
2005).  Because researchers and educators interpret the term curriculum materials very broadly 
to include all the resources a teacher might use as they design instruction, it is important to note 
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that I use the term here to describe the standards, textbooks, and other resources designed for 
teacher use as they design instruction that meets the goals set forth by the NGSS (Achieve, Inc., 
2013).   
2.1.2 The Relationship Between Teachers and Curriculum Materials   
The relationship between teachers and curriculum materials is a dynamic one in which teachers 
critique, adapt, draw on, and enact curriculum materials while at the same time considering their 
needs and the needs of their students.  Remillard (2005) describes curriculum use as “how 
individual teachers interact with, draw on, refer to, and are influenced by material resources 
designed to guide instruction” (p. 212).  Using the available curriculum materials as a guide, 
teachers engage in a variety of design practices before, during, and after instruction.  The ability 
of a teacher to select a task, modify, omit, or add to existing materials is dependent upon the 
quality of the curriculum materials and the teacher’s own content knowledge (Brown, 2009).  
The teacher’s capacity to analyze the available materials and craft instruction can often lead to 
lessons and tasks that do not meet the needs of students and/or are not robust learning 
experiences built around science concepts and practices (Beyer, 2009; Beyer & Davis, 2009; 
Brown, 2009; Brown & Edelson, 2003; Davis & Smithey, 2009; Forbes, 2009; Forbes & Davis, 
2008). 
2.1.2.1  Teachers’ participation with curriculum materials 
Curriculum research has focused on mathematics teachers’ use of curriculum materials (Collopy, 
2003; Lloyd, 1999; Remillard, 1999; 2000; Stein & Kim, 2009), and science teachers’ use of 
curriculum materials, particularly elementary science teachers (Beyer & Davis, 2009; Brown, 
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2002; 2009; Davis & Smithey, 2009; Forbes, 2013; Forbes & Davis, 2008; Pinto, 2004; Schwarz 
et al., 2008).  These studies described and examined teachers as actively participating with their 
curriculum materials to design instruction (Remillard, 2000).  Teachers not only use curriculum 
materials, but also learn from those materials (Grossman & Thompson, 2008).  Remillard (2000) 
described the ways in which two fourth-grade teachers used and learned from mathematics 
curriculum materials as more than just reading the textbook.  She defined the teachers’ 
“curriculum processes” (p. 335) as learning through:  “reading the text, reading students, and 
reading tasks” (p.339).   In reading the text, teachers move beyond simply reading the text to 
interpreting and selecting particular segments of texts to read as they designed tasks.  The ways 
in which the teachers read and interpreted their curriculum materials influenced the selection, 
design, and/or invention of mathematical tasks.  Differences in these two teachers’ ideas about 
mathematics teaching and learning in addition to their teaching contexts and students lead to 
differences in the ways they used the same curriculum materials and designed varying tasks and 
learning opportunities for their students.   
Stein and Kim (2009) reiterated this notion regarding teachers’ participating with 
curriculum materials.  Their study described the importance of supporting teachers to consider 
the abilities and knowledge of their students as they design tasks.  In other words, teachers must 
critically examine their curriculum materials in an effort to plan learning opportunities for their 
students where they engage in deep thinking.  If teachers simply follow a set of activities 
provided in the materials without understanding the purpose and underlying learning goals of 
those activities, they will have difficulty meeting the needs of their own students.  Consequently, 
it is critical for teachers to consider their students’ knowledge and preconceptions as they draw 
upon their curriculum materials to design tasks that support student learning.   
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Similarly, Brown (2002; 2009) examined middle school teachers’ use of an inquiry-based 
science curriculum.  He argued that the relationship between teachers and curriculum materials 
can be described in one of three ways: offloading, adapting, and improvising (Figure 2.1).  When 
teachers utilized the curriculum materials as is following the tasks and activities without 
consideration of context, relying heavily on the materials as written, they offload the curriculum 
onto the learners.  In adapting curriculum materials, or what Remillard (1999; 2000) calls 
invention, teachers modified the existing materials to create a planned curriculum influenced by 
their own beliefs and knowledge and those of their students.  As teachers assumed more 
authority in their ability, or depending on the context, they crafted instructional episodes based 
loosely on the content provided in the curriculum materials, or invented their own tasks (Brown, 
2002; Remillard, 1999; 2000).  Brown (2009) explains that the planned curriculum may look 
very different for every teacher; a novice teacher may offload instruction because he is 
unfamiliar with the content, likewise, an expert teacher may offload when she utilizes materials 
directly from the curriculum because they help support her students in meeting the goals of the 
task.     
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Figure 2.1: Relationship between teacher and curriculum resources in curriculum design (adapted from Brown & 
Edelson, 2003) 
As teachers design instruction with respect to content and context, their goal is to design 
and plan lessons that will be implemented in their classrooms (Grossman & Thompson, 2008).  
Remillard (2005) introduces a framework to describe this relationship between the teacher and 
her curriculum materials (Figure 2.2).   This framework details the complexity of the relationship 
between teachers and curriculum materials as described above.  The teacher equipped with her 
content knowledge for teaching, including pedagogical content knowledge and subject matter 
knowledge (Ball, Thames, & Phelps, 2008), and her own beliefs and experiences actively 
participate with the curriculum itself.  The curriculum, as described above, can be the variety of 
representations, tasks, textbooks, and laboratory manuals available for teachers’ use.   
Through this relationship, the teacher designs the planned curriculum based on particular 
contextual influences.  The planned curriculum reflects the teacher’s critical analysis of the 
available resources with respect to context and includes the selection and design of tasks that 
meets students where they are and supports the development of their conceptual understanding in 
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the discipline.  As the teacher implements the planned curriculum with his students, the enacted 
curriculum develops.  The interactions between the students, teacher, context, and planned 
curriculum build a curriculum that differs from the planned curriculum.  Because the teacher 
cannot anticipate all student preconceptions about certain canonical ideas, or plan for all events 
that might happen in any given lesson, she makes in the moment adaptations to the planned 
curriculum thereby creating the enacted curriculum.  The teacher can then use this enacted 
curriculum as they plan for and build subsequent lessons from year to year.  
 
Figure 2.2: Framework describing the participatory relationship between teachers and curriculum materials (adapted 
from Remillard, 2005) 
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2.1.3 Teachers as Instructional Designers 
The notion of teachers as instructional designers is not new.  Contemporary views on the 
relationship between teachers and curriculum support this notion (Brown, 2002; 2009; Brown & 
Edelson, 2003; Cartier et al., 2013; Forbes, 2013; Remillard, 1999; 2002; 2005).   As teachers 
engage in this process of instructional design, they “purposefully use curriculum resources; 
consider students’ prior knowledge, experiences, and interests; and carefully select (or design) 
and sequence of learning opportunities for students” (Cartier et al., 2013, p. 127).   
Remillard (2000) describes ways in which teachers engage in instructional design in part 
through the reading of students, of texts, and of tasks.  Reading texts, as described earlier, 
involves more than just reading the textbook, it involves critical analysis of the available 
curriculum materials and for teachers to select and sequence tasks and activities in appropriate 
ways to support student learning (Remillard, 1999).  By reading students, the teachers considered 
students’ thinking, ideas, and preconceptions as they designed and enacted their instruction.  
Anticipating students’ thinking and the ways in which teachers can build upon and support 
student ideas is an important dimension of instructional design (Cartier et al., 2013; Smith & 
Stein, 2011; Stein et al., 2008).  By recognizing students’ misconceptions and understandings 
about disciplinary ideas, teachers can design tasks that build on these understandings.   
Similarly, reading tasks involved the same critical analysis of tasks (Remillard, 2000).  
Solving, completing, and/or considering tasks and the difficulties that students may encounter as 
they engage in them is another important piece of instructional design.  Thinking about the task, 
or thinking through the lesson, in critical ways can support teachers as they design their planned 
curriculum (Smith, Bill, & Hughes, 2008).   Analyzing tasks through the student lens allows 
teachers to understand their value in supporting students’ learning and support teachers as they 
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build upon individual tasks to create lesson arcs and curriculum units (Remillard, 2000).   
2.1.3.1 Pedagogical design capacity  
Instructional design involves the incorporation of all components and resources by teachers, 
which enables them to design appropriate, and conceptually challenging instructional episodes 
for their students.  Organizing and using the available resources in ways that support student 
learning involves well-developed skills of decision-making and analysis (Brown, 2009).  
Researchers refer to these skills and the instructional capacity to design robust lessons as 
pedagogical design capacity (PDC) (Brown, 2009; Brown & Edelson, 2003).  The skill 
necessary for teachers’ to develop strong PDC is not innate; it is the culmination of experiences, 
decision-making abilities, and knowledge and beliefs about teaching.  By carefully selecting, 
designing, and sequencing lessons through careful adaptation, offloading, or improvisation, 
teachers demonstrate their skill in instructional design of tasks, or PDC (Brown, 2002; 2009).  
In summary, researchers highlight certain factors that influence the ways in which 
teachers interact with, draw upon, and use curriculum materials in planning instruction.  For 
example, teacher knowledge, beliefs, and experiences in combination with the available 
curriculum materials and the context influence the planned and ultimately the enacted 
curriculum.  These factors, while strong and available for experienced teachers to draw upon, are 
difficult for beginning teachers to draw upon and/or utilize in ways that support student learning 
effectively.  In the next sections, I detail pre-service teachers’ participation with curriculum 
materials and the ways in which teacher education and preparation programs can support pre-
service teachers’ development of their PDC.   
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2.1.4 Supporting Teachers’ Pedagogical Design Capacity Development 
Teachers must learn how to mobilize and assess the vast array of curriculum resources as they 
learn to design lessons that support student learning (Beyer; 2009; Beyer & Davis, 2009; Brown, 
2002; 2009; Forbes, 2009; Forbes & Davis, 2008; Forbes, 2013).  Developing PDC can be 
challenging for many pre-service teachers.   To meet these challenges, PSTs use curriculum 
materials in a variety of ways, often times influenced by their mentor teachers and the context in 
which they teach (Beyer & Davis, 2009; Forbes, 2013; Thompson, Windschitl, & Braaten, 
2013).   
2.1.4.1 Pre-service teachers’ participation with curriculum materials   
Researchers have described the varied ways PSTs interact with and use curriculum materials 
(Ball & Feiman-Nemser, 1988; Beyer & Davis, 2009; Brown, 2002; Forbes, 2009; 2013, Forbes 
& Davis, 2008; Grossman & Thompson, 2008; Ross, Lucas-Evans, Cartier, & Forman, 2013).  
Often times, PSTs develop the conception that instructional design and effective teaching 
involves inventing tasks and curriculum materials from scratch (Ball & Feiman-Nemser, 1998).  
Ball and Feiman-Nemser (1998) suggest that the methods courses at the participating universities 
did not support PSTs in understanding their role as instructional designers.  Instead of mobilizing 
existing resources and adapting or modifying those resources to meet students’ needs, the PSTs 
created tasks and activities on their own.  Consequently, these PSTs did not receive the support 
necessary in their teacher preparation programs to develop their PDC.     
 In contrast, other studies suggest that PSTs often use curriculum materials as written 
without critically analyzing their affordances and drawbacks because they do not feel they have 
the authority or expertise to do so (Beyer & Davis, 2008; Grossman & Thompson, 2008).   PSTs 
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utilize curriculum materials in this way for many reasons that can be attributed to the 
development of their PDC.  One reason is they have not had the support or opportunities in their 
teacher preparation to understand the value and importance of being critical of curriculum 
materials (Ball & Feiman-Nemser, 1988; Grossman & Thompson, 2008).  PSTs’ pedagogical 
content knowledge is often not well developed (Davis, Petish, & Smithey, 2006; Shulman, 
1987).   
Another reason PSTs might use curriculum materials in uncritical ways is due to their 
lack of robust experiences as learners, particularly elementary science teachers (Davis et al., 
2006).  Consequently, teachers who lack science expertise often rely on prepared science 
curriculum materials as they organize science instruction (Mikeska, Anderson, & Schwarz, 
2009). With their science expertise often lacking, science teachers have difficulty selecting and 
organizing tasks included in available curriculum materials. In fact, teachers often struggle 
teaching fundamental science concepts even when using curriculum materials.  Curriculum 
materials are often the main means by which these science practices and canonical knowledge 
are incorporated into lessons (Mikeska et al., 2009). Because many teachers lack robust 
experiences as science learners, their expertise in science is often lacking (Davis et al., 2006).  
Consequently, teachers who lack science expertise often rely on prepared science curriculum 
materials as they organize science instruction (Mikeska et al., 2009).  Mikeska and colleagues’ 
(2009) study is situated in the perspective that curriculum materials play an important role in 
teachers’ work (Beyer & Davis, 2009; Brown, 2009; Davis & Smithey, 2009; Remillard, 2005; 
Schwarz, 2009; Zembal-Saul, 2009).  Curriculum materials and the ways in which teachers 
interact with those materials influence what science concepts teachers choose and how they teach 
those concepts to students, ultimately contributing to students’ learning.  Creating learning 
  45 
environments that build upon students’ prior knowledge and experiences and support students’ 
participation in SEPs is a goal for teachers as they design and select tasks (Beyer & Davis, 
2009).  With their science expertise and experience with science inquiry often lacking, beginning 
teachers have difficulty selecting and organizing tasks included in available curriculum 
materials.  
In contrast, researchers suggest that supporting PSTs in selecting, critiquing, and adapting 
of curriculum materials aids in their pedagogical content knowledge and development of 
pedagogical design capacity (Beyer & Davis, 2009; Forbes, 2009; 2013; Forbes & Davis, 2008).  
In an examination of how PSTs apply educative supports in analysis of curriculum materials and 
the development of lesson plans, Beyer and Davis (2009) report that without proper educative 
supports, the PSTs do not identify strengths and weaknesses in curriculum materials and how 
those materials support students’ learning.  Moreover, without adequate support in teacher 
education courses and teacher preparation, PSTs may only focus on the practical and 
management aspects of teaching, as opposed to supporting student thinking and learning (Behm 
& Lloyd, 2009; Beyer & Davis, 2009).  However, with the proper support and education, PSTs 
can develop the skills needed to critique and adapt curriculum materials in ways that support 
student learning and understanding of the discipline (Beyer & Davis, 2009; Davis & Smithey, 
2009; Forbes & Davis, 2008).  For example, when PSTs are provided with support in critically 
analyzing curriculum materials for instructional tools to support student inquiry, they are better 
able and equipped to design instruction and plan questions to elicit and support student thinking 
(Ross et al., 2013).   
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2.1.4.2 Teacher education 
Supporting the development of PSTs’ PDC is an ambitious challenge for teacher education.  To 
prepare and support PSTs, it is necessary for teacher education to provide opportunities for 
teachers to engage in the practices and work of teaching and build a beginner’s repertoire 
(Feiman-Nemser, 2001).   Researchers argue for the organization of teacher education around a 
core set of practices through which the knowledge, skills, and identity necessary for teaching can 
develop (Ball & Forzani, 2009; Grossman et al., 2009a; Grossman et al., 2009b).  Grossman et 
al. (2009b) describe characteristics of these core, or high-leverage practices.  They are practices 
that: “occur with high frequency in teaching; novices can enact in classrooms across different 
curricula or instructional approaches; novices can actually begin to master; allow novices to 
learn more about students and about teaching; preserve the integrity and complexity of teaching; 
and are research-based and have the potential to improve student achievement” (p. 277).  With 
support PSTs can begin to appropriate the practices that support the development of their PDC.   
2.1.4.3 Teacher learning and engaging in practice 
Due to the need in teacher education for better instruction in the high-leverage practices and the 
development of PDC, the Grossman et al. (2009a) framework provides an opportunity for 
teacher educators to help develop PSTs’ pedagogies of this practice.  More specifically, in this 
Grossman et al. (2009a) model for teacher learning, PSTs learn by engagement in practices that 
are strategically constructed.  The teacher educator structures the practice so that specific 
elements of practice are foregrounded.  Moreover, teacher educators can introduce PSTs to 
particular tools, models, and frameworks designed to help critique and analyze curriculum 
materials to plan for and implement tasks that support student learning.   
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The Grossman et al. (2009a) framework enables teacher educators to decompose and 
represent various practices with the PSTs engaging in iterations of approximations of those 
practices with increasing levels of authenticity.  By separating complex practices, such as the 
critique and analysis of curriculum materials and lesson planning, into its component parts, PSTs 
will feel more comfortable enacting the complex practice in their own classrooms leading to 
increased use high fidelity implementation in their own classrooms (Grossman et al., 2009a; 
Stein et al., 2008).  What follows is a detailed summary of the Grossman et al (2009a) 
framework for teaching practice. 
Decomposition of Practice.  Critiquing and adapting curriculum materials and designing 
curriculum in any discipline is complex.  During this process, teachers employ a variety of 
moves, tools, and routines to guide students’ thinking toward understanding the core ideas of the 
discipline (Leinhardt & Steele, 2005).  In order for PSTs to begin to engage in any high-leverage 
practice, Grossman et al. (2009b) posit that they may need varying and scaffolded opportunities 
to recognize, examine, and enact components of these practices.  Once the PSTs have built their 
repertoire and addressed these instructional challenges, they can begin to develop and integrate 
them in their teaching.  When teacher educators decompose the particular practice in question, 
such as selecting and designing high cognitive demand tasks as in this study, they choose 
particular components essential to successful use of that practice.  Once identified, the teacher 
educators make particular instructional choices to make salient the characteristics for the PSTs.     
Representation of Practice.  Representations of practice involve the many ways that 
portions of the planning and enactment of lessons or teacher moves can be used to help PSTs 
unpack the nuances of said practice (Grossman et al., 2009a).  Teacher educators make 
instructional choices about the ways in which to represent the practice for the PSTs.  These 
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representations provide the PSTs with detailed insight into nuances of the practices that might 
otherwise go unnoticed.  Representations vary greatly, but typically, teacher educators provide 
opportunities for the PSTs to view and unpack representations through written case studies, 
videos, or expert observations. 
Approximation of Practice.  Approximations of practice provide the PSTs with 
opportunities to engage in varying levels of authentic practice from less complete and authentic 
to more so.  Teacher educators scaffold the approximations so that PSTs with little experience 
engage in less authentic experiences.  Ultimately, the multiple scaffolded iterations, the PSTs 
participate in multiple opportunities to practice, develop, and rehearse important skills as they 
move through the approximation continuum from less authentic to more authentic (Figure 2.3) 
(Grossman et al., 2009a).  Giving PSTs opportunities to engage in live role-play experiences, 
facilitate simulated discussions in class, analyze a written case, critique curriculum materials, 
write lesson plans, and, enact discussions with students allows for learning to occur through 
experience, their own and others.  By making the practice public, PSTs feel more comfortable 
making mistakes as they are learning in the safety of the classroom because learning from failure 
helps to lessen the risk of error in the field because nervousness and uncertainty on the part of 
teacher (Grossman et al., 2009a). 
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Figure 2.3: The authenticity continuum in approximations of practice described by Grossman et al. (2009a) 
 
To summarize, this section detailed the focus on practice in teacher education.  By 
providing PSTs with opportunities to engage in the work of teachers, they gain the confidence 
and knowledge to more readily draw upon their learning experiences in the classroom.  In the 
next section, I detail specific tools and resources teachers educators can draw upon as they 
support PSTs’ development of their PDC specifically related to the design of challenging tasks 
where students engage in the SEPs, a focus of this study.   
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2.2 SUPPORTING THE DEVELOPMENT OF PEDAGOGICAL DESIGN CAPACITY IN 
PRE-SERVICE TEACHERS 
The Next Generation Science Standards (NGSS) (Achieve, Inc., 2013) reflect much of the 
research on student learning in science over the past several decades.  These standards introduce 
a series of science and engineering practices (SEPs) (see Figure 1.1) around which science 
education across grade levels should focus.  Practices such as planning and carrying out 
investigations and constructing explanations and designing solutions and the others seek to 
promote the engagement of students in the work of science inquiry (Stage, Asturias, Cheuk, 
Daro, & Hampton, 2013).   
 One of the many challenges teachers, particularly pre-service teachers, face as they work 
to design instruction to reflect the vision set for in the NGSS, is selecting and/or designing 
curriculum and tasks that support student learning and engagement in these SEPs (Cartier et al., 
2013).  Because of this challenge, PSTs rely heavily on curriculum materials for support as they 
design instruction (Davis & Smithey, 2009).  However, many curriculum materials provide 
opportunities for students to complete a task, but often do not provide opportunities for students 
to engage in the SEPs related to scientific inquiry (Davis & Krajcik, 2005).  Without the proper 
knowledge and tools to analyze curriculum materials productively, teachers may not recognize 
strengths, and most importantly, weaknesses in those materials resulting in ineffective 
adaptations in which lessons fail to support student learning and participation in the SEPs (Beyer 
& Davis, 2009).  Therefore, PSTs need support in learning how to critically examine and adapt 
curriculum materials to design appropriate tasks for their students.  Moreover, teacher educators 
must be concerned with helping PSTs develop the skills and practices related to critiquing 
curriculum materials and planning lessons.  In other words, teacher educators must provide PSTs 
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with conceptual and practical tools to support their learning (Grossman, Hammerness, & 
McDonald, 2009b).    
2.2.1 The Five Practices and Instructional Design 
Researchers argue that providing learning environments for students where they can engage in 
robust discussions about disciplinary ideas and concepts support students’ learning (Cartier et al., 
2013; Smith & Stein, 2011; Stein et al., 2008).   In particular, science lessons that center on 
discussion provide opportunities for students to engage in the SEPs while learning the core ideas 
of the discipline (Cartier et al., 2013).  However, many teachers continue to focus on teacher-
centered pedagogical practices despite the fact that the NGSS call for learning environments in 
which students are actively engaged in scientific work (Duschl, 2008). Moreover, teachers often 
dominate whole class discussions by leading a fact-based didactic (Lemke, 1990).   
Stein et al. (2008) argue that a major challenge for mathematics teachers is orchestrating 
whole-class discussions around instructional tasks.  They explain that teachers often have 
difficulty utilizing and incorporating the variety of student responses to particular tasks into a 
coherent line of dialogue.  In order to aid teachers in effectively using student responses during a 
whole class discussion, they propose a model that is designed to make teaching more 
manageable for teachers.  By supporting teachers to focus on anticipating student responses, 
monitoring student responses to tasks, selecting students to present their responses, purposefully 
sequencing the students responses, and connecting the ideas through discussion, it is hoped that 
teachers can more easily orchestrate a conversation that builds on student thinking and engages 
students in learning.  Stein et al. (2008) designed the Five Practices model for teachers to use as 
they plan for and orchestrate classroom discussions.  These practices aim to eliminate much of 
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the improvisation that occurs during a whole class discussion and when utilized together teachers 
have more time to make instructional decisions.  These practices as defined by Smith and Stein 
(2011) are:  
(1) anticipating likely student responses to challenging mathematical tasks; 
(2) monitoring students’ actual responses to the tasks (while students work on the task in 
pairs or small groups); 
(3) selecting particular students to present their mathematical work during the whole-
class discussion; 
(4) sequencing the student responses that will be displayed in specific order; and 
(5) connecting different students’ responses and connecting the responses to key 
mathematical ideas (p. 8).   
Cartier et al. (2013) argue, “utilizing the Five Practices model and talk moves to plan and 
support instruction enables students to engage in various science practices while learning core 
ideas” (p. 127).  I discuss each of these practices in depth in the following sections and provide 
examples of The Case of Kendra Nichols (Cartier et al., 2013) who utilizes each of the practices 
during her science lesson planning and instruction.   
Anticipating.  The first practice involves a teacher imagining or envisioning how 
students might approach a task or activity, which occurs prior to the lesson itself.  Anticipating 
requires that teachers assess the difficulty level of the task for students and involves considering 
possible students’ strategies, both correct and incorrect, for completing the task and /or solving 
the problem.  Strategies might include the features or ideas that students might consider, as well 
as representations, models, and/or protocols that students might produce and how these strategies 
relate to the learning goals of the lesson (Cartier et al., 2013).  An important component of 
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anticipating requires that teachers engage in and/or complete the task themselves in order to 
identify the approaches students might take.  When anticipating teachers can consult various 
curriculum materials and resources that might include possible misconceptions or ideas that 
might emerge during classroom discussions (Smith & Stein, 2011; Stein et al., 2008). 
Cartier et al. (2013) describe the importance of anticipating and provide an example of 
how a science teacher anticipates students’ stumbling blocks and responses to a task.  Ms. 
Nichols, a middle school science teacher considers students’ understandings of molecules at this 
grade level as she plans for a lesson on the behavior of water molecules.  After considering her 
curriculum materials and other resources, like the National Science Digital Library3 literacy 
maps, she determined that students might have issues with concepts of molecule spacing, the role 
of heat, molecule size, and molecule movement.  After considering these ideas, she created a 
complete and correct representation of the behavior of water molecules in different phases, 
which she planned to introduce during her discussion.  By anticipating these student stumbling 
blocks and important features she wanted to highlight, Ms. Nichols was better prepared to 
imagine the storyline of the discussion and facilitate a class discussion that builds on student 
understandings and allows them to learn key understandings of the discipline.    
Monitoring.  Similar to anticipating, the teacher engages in the practice of monitoring 
during discussion planning, yet the actual monitoring occurs during lesson enactment (Smith & 
Stein, 2011).  Monitoring student responses involves attending to students’ thinking and 
strategies as they work on the task. Teachers generally circulate around the classroom while 
students work either individually or in small groups during monitoring.  During this time, they 
                                                 
3 For more information on the NSDL Digital Library go to http://nsdl.org/. 
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carefully attend to what students do and say as they work.  Teachers then determine which of 
their anticipations are surfacing during the lesson and helps teachers to redirect and support 
students in making progress on the task (Stein et al., 2008).  
 
Figure 2.4: Ms. Nichols' monitoring tool (Cartier et al., 2013, p. 51).  Reprinted with permission from National 
Council of Teachers of Mathematics 
 
A common way for a teacher to prepare for monitoring is, before the lesson, to create a 
list of anticipated student responses or ideas that will help in accomplishing the lesson goals.  
Cartier et al. (2013) provide an example of the monitoring tool Ms. Nichols created as she 
planned her behavior of water lesson (Figure 2.4).  Using her anticipations and lesson goals as a 
guide, Ms. Nichols created a table that identified the key features correct and incorrect that she 
used to collect data about her students’ understandings during their work on the task.  She 
completed the chart as she observed students’ engagement in the task and posed strategic 
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questions to students to assess and advance their thinking as they created their representations.   
Ms. Nichols then used this completed monitoring tool to assist her in planning the storyline and 
the questions she would ask during the class discussion.  
Selecting. After a teacher has anticipated student ideas and monitored students’ work, she 
must select particular students to share their work with the rest of the class in order to have 
particular ideas emerge, whereby giving teacher more control over the discussion (Smith & 
Stein, 2011; Stein et al., 2008).  Selecting is a very crucial part of the Five Practices because it 
enables a teacher to decide what ideas are important and when those ideas will emerge during the 
course of the discussion.  A teacher’s selection is guided by her lesson’s goals, so she selects 
certain students to present because of the concepts or core ideas represented in their responses 
and ideas.   
Typically, a teacher selects by calling on specific students or groups of students to 
present their work over the course of the discussion.  Alternatively, the teacher might also ask for 
volunteers, but select particular students from those who volunteer to present their ideas during 
the discussion.  Selecting students to share ideas enhances the quality of the discussion.  Stein et 
al. (2008) explain that by selecting students’ ideas the teacher can plan for the emergence of a 
storyline that meets students’ needs and give them the authority to share their ideas and 
contribute productively in their learning (Engle & Conant, 2002).   Making plans for selecting 
helps the teacher know the particular students and groups to call upon during the discussion as 
well as helps to support the emergence of the important scientific ideas.   
Returning to The Case of Kendra Nichols, Ms. Nichols uses her monitoring chart as a 
tool to support her decision-making during the selection process.  After examining the chart, she 
noted which ideas were common among the students’ representations and which were less 
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common.  In the interest of time, she makes a conscious choice to only select certain students to 
present, but plans to include all the students in the discussion (Cartier et al., 2013).     
Sequencing.  Teachers can also begin to develop the storyline of the discussion by 
making purposeful choices about the order in which ideas are shared.  Smith and Stein (2011) 
explain, “The method selected must support the storyline that the teacher envisions for the lesson 
so that the mathematics to be learned emerges in a clear and explicit way” (p. 49).  For example, 
the teacher might want to have an idea common among many students presented before those 
ideas only a few students share in order to provide access and validate the work of every student 
(Stein et al., 2008).  Again, during planning the teacher can consider the possible ways of 
sequencing anticipated responses to highlight core ideas key to the lesson.  Additionally, the 
teacher can incorporate unanticipated responses into her final sequence of ideas (Smith & Stein, 
2011).  
Sequencing is evident in Ms. Nichols’ planning.   On her monitoring tool (a segment of 
the tool can be seen in Figure 2.5), Ms. Nichols took time to select the ideas she wanted to 
emerge and purposefully selected the order of and who would present these ideas.   Ms. Nichols 
is careful to select students who have not presented their ideas recently to do so in this 
discussion.  Cartier et al. (2013) explains, “By selecting students who had not presented recently, 
she was giving them the opportunity to demonstrate their competence and to gain confidence in 
their abilities.  Her practice of identifying one member of the group to present was also a way to 
hold all members accountable for the work of the group” (p. 84).  
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Figure 2.5: A portion of Ms. Nichols' monitoring tool displaying her effort to select and sequence (Cartier et al., 
2013, p. 59). Reprinted with permission from the National Council of Teachers of Mathematics 
 
 Connecting.  Finally, connecting is the opportunity for the teacher to assist students as 
they draw connections between their responses, those of their classmates, and the core ideas of 
the lesson (Smith & Stein, 2011).  Different than the traditional presentation where there are 
separate presentations of how to solve a problem, connecting allows teachers to build students’ 
ideas on each other to develop key conceptual ideas.  
Teachers help students form these connections in a variety of ways.  For example, the 
teacher can directly ask students to compare different representations or mark key ideas 
explicitly for students so that they attend to the important idea (Cartier et al., 2013; Smith & 
Stein, 2011).  Returning to the Case of Kendra Nichols, it is evident that her careful planning for 
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anticipating, monitoring, selecting, and sequencing enabled her to easily plan to connect the 
various representations students created.  For example, Ms. Nichols wanted her students to 
understand that heat energy plays a role in the phase changes of water.  Only one group 
represented the role of heat in this process, so she purposefully planned to select this group to 
present last so that they could build upon the representation created by the previous group who 
discussed the role of heat.  Instead of asking group B to present their entire model, Ms. Nichols 
planned and asked purposeful questions that marked a key idea and moved the discussion 
forward by building on the work of the previous groups (Cartier et al., 2013).  Without careful 
planning of anticipating, monitoring, selecting, sequencing, and connecting, it is likely that the 
discussion would not have met the desired learning goals.   
Stein and her colleagues (Cartier et al., 2013; Smith & Stein, 2011; Stein et al., 2008) 
designed the Five Practices as a model to support teachers as they enact classroom discussions.  
In fact, a lesson that centers on a class discussion where the teacher uses the Five Practices 
model to plan and orchestrate the discussion enable students to engage in a variety of the SEPs 
and at the same time gain conceptual understanding of core science ideas (Cartier et al., 2013).  
By giving teachers time to make decisions about instruction prior to the lesson, they can more 
effectively manage the discussion and any unexpected ideas that emerge.   While it is possible to 
use single practices divorced from the other practices, it is difficult to do so because of the 
unique nature of the model.  For example, Smith, Cartier, Eskelson, & Ross (2013) detail 
teachers’ limited use of the Five Practices as they planned for and enacted mathematics and 
science discussions.  In these classrooms, teachers often failed to plan for or enact robust 
discussions that support student learning because they failed to anticipate students’ sense making 
and thinking about a core idea.       
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2.2.2 Tasks and Activity Structures that Support Five Practices Discussions  
Robust classroom discussions are crucial if a main goal of instruction is to have students learn 
key ideas of the discipline, particularly science.  In fact, the practice of classroom discourse is 
entwined with many of the goals of the NGSS, i.e., constructing explanations, engaging in 
argument from evidence, communicating information, and therefore, should be a main focus as 
teachers design instruction (Figure 1.1).  As teachers design these tasks and discussions, they 
must choose rigorous content and design tasks that are worthy of discussion.  That is, the 
instructional content teachers select should be challenging and enable multiple perspectives, 
representations, or points of view.  Likewise, in science, teachers need to create lessons in which 
students must use data, and apply the data as justification to answer complex questions.  So, the 
data, representations, and content must be rigorous enough to support discussion.  In other 
words, the instructional content should provide opportunities for students to make different 
claims based on their evaluations of the evidence (Berland & McNeill, 2010).  It is these 
conflicting interpretations that allow for a scientific discussion around evidence in which 
students try to make sense of the phenomenon and persuade others of their understandings.  In 
the next section, I describe the research surrounding academic tasks and tasks that support 
discussion with particular focus on mathematics and science tasks.   
2.2.2.1 Mathematical tasks 
Researchers characterize mathematical tasks as activities designed with the sole purpose of 
directing students’ attention on a specific core concept or idea (Stein et al., 1996).   Stein and her 
colleagues (1996) studied teachers’ selection and enactment of cognitively demanding tasks, in 
order to provide students with robust learning experiences as part of the Quantitative 
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Understanding: Amplifying Students Achievement and Reasoning (QUASAR) project (Stein, 
Smith, Henningsen, & Silver, 2009).  
As a result of the QUASAR project, Stein and her colleagues (Stein et al., 1996; Stein et 
al., 2009) developed a series of analysis tools to examine the level of cognitive demand of 
mathematics tasks as designed by teachers; including the Mathematical Tasks Framework, the 
Task Analysis Guide, and factors associated with the maintenance or decline of cognitive 
demand.  The following section provides a summary of each of these analysis tools.   
The Mathematical Tasks Framework.  Stein et al. (1996) argue that mathematical tasks 
unfold in three phases during classroom instruction.  First, tasks appear in particular ways in 
curriculum materials or as designed by teachers.  Next, teachers set up the tasks during 
instruction, and finally, in implementation.  During instruction, or implementation, students 
interact with and complete the task.  In doing so, the way in which students’ work on the task 
might differ from the original design or task set up.   
In their work, Stein et al. (1996) describe that high cognitive demand tasks were the most 
difficult tasks to implement well.  Often times, the ways in which students work on the task or 
the ways in which teachers support students work lowers the demand of the task during 
implementation (Eskelson, 2013; Henningsen & Stein, 1997; Smith et al., 2013).  Additionally, 
Stein and Lane (1996) explain that student learning was greatest in classrooms where tasks 
consistently supported student high levels of student thinking and reasoning.   
The Task Analysis Guide.  The Task Analysis Guide was designed by researchers to 
categorize tasks with regard to their level of cognitive demand (Smith & Stein, 1998).  They 
posited that mathematics tasks compose four categories: memorization, procedures without 
connections, procedures with connections, and doing mathematics.  Smith and Stein (1998) 
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characterize these tasks as follows.  Memorization tasks involve students reproducing previously 
learned facts or definitions and do not require a procedure to solve.  Procedures without 
connections tasks involve the use of a procedure in order for students to solve and require little 
thinking on the students’ part to solve.  Procedures with connections tasks require some degree 
of cognitive effort by the student as they make connections between the procedural aspects of the 
task and the mathematical ideas.  Finally, doing mathematics tasks require complex thinking by 
the students where they explore a variety of solutions and strategies as they complete the task.   
Factors Associated with Maintenance or Decline of Cognitive Demand of 
Mathematical Tasks.  In their analysis of tasks, Stein et al. (1996) identified key factors in 
lessons that either contributed to the maintenance or decline the level of thinking required of 
students during a task (Figure 2.6).  For example, high cognitive demand tasks are often more 
difficult and require deep thinking on the part of the student.  Because students are typically 
uncomfortable with tasks of this type, teachers often lower the demands of the task by specifying 
procedures for the students to follow or completing portions of a task for students (Eskelson, 
2013; Henningsen & Stein, 1997; Smith et al., 2013).  
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Figure 2.6: Factors associated with the maintenance or decline of cognitive demand in mathematical tasks 
(Stein & Smith, 1998) 
2.2.2.2 Science tasks 
Similar to tasks in mathematics, a variety of tasks, when designed at a high level, can support 
productive whole class discussions (Cartier et al., 2013).  Here I focus on three types of science 
tasks designed to support discussion and engagement in the SEPs described in the NGSS: 
experimentation, data representation, analysis, and interpretation, and explanation tasks 
(Appendix B).  Whether students are cognitively challenged while completing these three types 
of tasks relies solely on the teacher’s design.  The choices the teacher makes as she draws on 
curriculum materials and resources to design directly influences the cognitive level at which 
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students engage in the task.  Similar to mathematics tasks described above, a science task that 
requires students to provide a rationale for their choices or strategies is a high cognitive demand 
task (Stein et al., 1996).  Where tasks that allow students to memorize and repeat and answer or 
follow a specified procedure involves low cognitive demand.  Cartier et al. (2013) detail 
examples of low-level and high level tasks of each type.  What follows is an explanation of these 
task types and a comparison between low-level and high-level tasks of each type.     
Experimentation tasks require students to develop or carry out a scientific protocol or 
procedure.   These tasks are very common in science classrooms.  Typically, students follow a 
detailed protocol as they proceed through the experiment, but students are seldom required to 
make connections between the patterns noticed and core ideas of the lesson.  In contrast, a high-
level experimentation task requires students to develop their own protocols and critique those of 
their classmates with respect to a well-defined research question.     
Data representation/analysis/interpretation tasks require students to represent, analyze, or 
interpret data, which they collect first hand or provided by the teacher second hand.  Low-level 
tasks of this type fail to provide opportunities for students to create multiple representations of 
data and require students to represent or interpret data in a single way.  High-level data 
representation tasks support students as they work to identify patterns in the data and provide 
rationale for those patterns based on the data provided.  In doing so, the task allows for students 
to create a variety of representations and make connections between those representations and 
others.   
Finally, explanation tasks require students to explain and justify the patterns or support 
their claims with valid evidence.  Often times, explanation tasks are low-level because they 
involve teachers providing direct instruction to students about core ideas and phenomena (Cartier 
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et al., 2013; Lemke, 1990).   However, increasing the cognitive demand of explanation tasks 
allows students to construct their own explanations and make meaning in their own way while 
meeting the goals of the lesson.   
Whether these tasks are low-level or high-level depend on the teacher’s instructional 
design.  The materials she draws upon, the selection of tasks, and the sequence in which the 
teacher implements those tasks all have an impact on student thinking and understanding (Cartier 
et al., 2013; Remillard, 2005).  For example, traditional science classrooms often involve the 
teacher providing explanations for phenomena initially followed by students participating in a 
procedural experiment that reinforces the previously learned explanation (McNeill & Pimentel, 
2009).  In contrast, modifying the task sequence to provide students an opportunity to engage in 
experimentation and generate their own explanations and understanding of phenomena increases 
the demand of the task and support student learning and understanding of the phenomena in 
robust ways (Cartier et al., 2013).   
Researchers argue that designing instruction in this way requires teachers to mobilize 
their available resources and curriculum materials in order to create robust tasks worthy of 
discussion (Forbes, 2013).  By drawing on tools and resources like the Five Practices model and 
the Learning Cycle, teachers can design instruction that supports students’ participation in the 
SEPs and learning of core scientific ideas.  In the next section, I describe research on the 
Learning Cycle, its relationship to scientific inquiry practices, and how the Learning Cycle can 
support design of Five Practices discussions.   
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2.2.3 The Learning Cycle 
Reform efforts in science education aim to develop a population of scientifically literate 
individuals who can participate productively in our increasingly global society (Cazden, 2001).  
While the reform of science education has been approached from many angles over the past three 
decades, scholars have increasingly focused their attention on the need for students to develop 
the critical scientific practices of analysis, synthesis, and critique.  As a result, there is increased 
importance in today’s science classrooms for students to practice and develop the reasoning 
skills necessary to be productive members of a scientific classroom in which social dialogue is 
critical to learning (Duschl, 2008).   
To reach these goals of science education, “science for all,” learning environments must 
be designed so that students engage in classroom communities of discourse and inquiry (Duschl 
& Osborne, 2002).  One of the main components of science discourse is the student-to-student 
talk through which students analyze data, synthesize arguments, and critique the arguments of 
others.  To develop these communities of discourse, Eduran and Jiménez-Aleixandre (2008) 
highlight the importance of allowing students to develop and justify explanations in classrooms, 
thereby gaining a deep understanding of scientific concepts.  By participating in learning 
communities designed specifically for scientific knowledge and skill development, students 
develop the critical thinking skills needed for reasoning and arguing within the classroom and in 
social contexts outside the classroom.  The social dialogue practiced by the students allows them 
to externalize their thinking and begin to develop rational arguments while constructing their 
own scientific knowledge and participating in the SEPs described in the NGSS (Achieve, Inc., 
2013).   
  66 
The Learning Cycle framework provides an organizational structure for teachers designed 
to support the development of lessons that engage students in cycles of inquiry by placing the 
exploration of phenomena before the development of explanations to explain those phenomena 
(Bybee, 2007; Cartier et al., 2013; Hanuscin & Lee, 2008; Karplus & Thier, 1967).  The 
Learning Cycle supports student learning of science practices and guides teachers’ selection of 
tasks and the connections between them.  Using this framework, teachers focus on key aspects of 
tasks included in many curriculum materials and design lessons supporting students’ scientific 
sense making through the process of inquiry.  
Teachers’ use of the Learning Cycle supports the inquiry and application model 
supported by many researchers and teacher educators (Anderson, 2003; Leinhardt & Steele, 
2005; Windschitl, Thompson, & Braaten, 2008).   Many versions of the Learning Cycle have 
been introduced over the years, but they all include the three central phases of instruction: (1) 
exploration: students explore and experience science phenomena, (2) concept introduction: 
students build core science ideas through their interactions with curriculum materials, students, 
and the teacher, and (3) concept application: students build upon these new ideas and apply them 
to new problems (Brown & Abell, 2007; Karplus & Thier, 1967).  The 5E framework, 
introduced by Bybee (2002), includes engage, explore, explain, elaborate (apply), and evaluate 
(extend) and aligns with disciplinary practices of science (Figure 2.7).   The Learning Cycle 
begins with student inquiry; students explore phenomena and develop explanatory models to 
account for the patterns they noticed about those phenomena.  Then, students have an 
opportunity to apply their new understandings to explain or make predictions about new 
phenomena. In doing so, this framework places explorations of phenomena before explanations 
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and connects directly to scientific practices, which often differs from the learning that occurs in 
science classrooms (Bybee, 2007; Hanuscin & Lee, 2008).  
 
Figure 2.7: Description of the 5E Learning Cycle Framework (Bybee, 2002) 
 
The design of the Learning Cycle framework supports teachers in the selection and 
design of tasks that provide opportunities for students to engage in the SEPs described in the 
NGSS.  Cartier et al. (2013) characterizes the Learning Cycle with respect to the SEPs in which 
LEARNING 
CYCLE PHASE PURPOSE OF TASK EXAMPLE 
ENGAGE 
• Elicit students’ prior knowledge 
and experiences 
• Focus students’ attention on the 
new concept 
• Provide motivation for the 
lessons that follow 
• A scenario is described for 
students and they brainstorm 
and identify ways to get sugar 
to dissolve in water more 
quickly 
EXPLORE 
• Students engage in hands-on 
activities in which they: 
o Actively explore the 
phenomenon 
o Collect data 
• Students experiment to answer 
the question, “How does 
stirring affect that rate of sugar 
dissolving?” 
• Students collect data about rate 
of sugar dissolving 
• Students describe patterns 
EXPLAIN 
• Students use their data to create 
evidence-based explanations of 
the phenomenon 
• Students develop explanations 
to describe the process 
ELABORATE 
(APPLY) 
• Students apply their new 
understandings of the 
phenomena 
• Students describe another way 
they think they could get sugar 
to dissolve faster and apply 
new understandings  
• Students conduct new 
experiment 
EVALUATE 
(EXTEND) 
• Summative assessment of the 
students’ understanding of the 
phenomenon 
• Students complete exit slip 
describing the process of how 
sugar dissolving occurs.   
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students engage (Figure 2.8).  Consider, for example, the vignette of Mr. Gates’ classroom 
presented in Chapter 1.  By designing and sequencing the task in that way, Mr. Gates, whether 
consciously or unconsciously, engaged students in aspects of a Learning Cycle lesson.  Students 
carried out an investigation of Fastplant growth by designing and carrying out their own 
investigations, or students engaged in exploration.  After analyzing the data, students constructed 
an explanation to describe typical Fastplant growth, or students engaged in explanation.  As such 
Ms. Gates’ students engaged in the SEPs by completing a task where they engaged in a whole-
class discussion describing the patterns they noticed.   
In describing Mr. Gates’ actions and moves during the lesson, the vignette details how he 
embeds a Five Practices discussion into this Learning Cycle (Cartier et al., 2013).  Mr. Gates 
designed a high-level experimentation and data representation/analysis task.  During the task, he 
monitored students’ work and made careful notes regarding students’ ideas and patterns they 
noticed as they work.  He selected particular groups that would present their work and sequenced 
each group so that an appropriate storyline of ideas would unfold.   Finally, he orchestrated the 
classroom discussion by connecting students’ ideas with each other and the disciplinary ideas.   
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Figure 2.8: Opportunities for students to engage in the Next Generation Science Standards Science and Engineering 
Practices throughout the Learning Cycle (Cartier et al., 2013, p. 101).  Reprinted with permission of the National 
Council of Teachers of Mathematics 
 
In making decisions about what and how students should learn, teachers, like Mr. Gates, 
draw on their students’ experiences and various curriculum materials and resources to create the 
enacted curriculum (Figure 2.9) (Cartier et al., 2013; Remillard, 2005).  By positioning a Five 
Practices discussion within a phase of the Learning Cycle, students have opportunities to engage 
in the SEPs while demonstrating mastery of their new knowledge.  A teacher’s ability to 
mobilize these resources effectively is at the heart of PDC (Brown, 2009).   Providing teachers, 
especially PSTs, with the tools that enable them to make good choices about the ways in which 
they adapt and use their resources materials is important.   Drawing on the Five Practices and the 
Learning Cycle Model, can provide PSTs with the support needed to design tasks that engage 
students in inquiry and SEPs and supports the PSTs in learning and noticing student thinking 
through classroom discussion (Cartier et al., 2013).  
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Figure 2.9: The teacher's role in designing the enacted curriculum (Cartier et al., 2013, p. 112).  Reprinted with 
permission of the National Council of Teachers of Mathematics  
2.3 PURPOSE OF THE STUDY 
A key instructional goal for the secondary science teacher preparation program, in which this 
study is situated, is to support secondary science PSTs in developing approaches to instructional 
planning of tasks that support students engagement in the SEPs and are consistent with the model 
of inquiry-based science teaching described in research (Anderson, 2003; Duschl, 2008; 
Leinhardt & Steele, 2005; Windschitl, Thompson, & Braaten, 2008).  Embedded within this goal 
is supporting the development of the PSTs’ pedagogical design capacity (PDC) by developing 
their ability to draw upon all available resources, knowledge, materials, etc. to design instruction 
for Five Practices discussions.  PSTs learn how to draw from various curriculum materials and 
resources to plan lessons that engage all learners.  To support this development, teacher 
educators at this large urban Midwestern University, draw on the Five Practices model and 
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design an intervention aimed at increasing PSTs’ PDC related to use of the Five Practices model 
to selection and design of tasks that engage students in the SEPs described in the NGSS 
(Achieve, Inc., 2013).    
An important focus of this preparation program is the selection and design of high-level 
science tasks.  These tasks, as described above, have the greatest impact on student learning 
(Stein et al., 1996; Stein et al., 2009).  Cartier et al. (2013) describe the features of a high-level 
science task.  First, the teacher defines the learning goals, or the understandings students will 
gain from participating in the lesson.  Next, the teacher designs a task that supports students’ 
engagement in the SEPs described in the NGSS (Achieve, Inc., 2013).  Finally, students have 
opportunities to create multiple artifacts as a result of the task and engage in a whole-class 
discussion around those artifacts.   
Providing PSTs with experiences in teacher preparation courses that highlight the 
importance of utilizing their skills to create lessons that follow particular principles of practice 
supports the development of their PDC (Brown, 2009; Grossman et al., 2009b).  By giving the 
PSTs opportunities to critically analyze curriculum materials and design lessons that engage 
students in the discussions around the SEPS, they are supported in developing a robust PDC.  
Without the support of the teacher educators focusing lesson planning of high-level tasks, PSTs 
focus on management and other practical issues in the classroom (Beyer & Davis, 2009; Forbes 
& Davis, 2008; Lloyd & Behm, 2005).   
Additionally, PSTs require repeated supportive experiences in lesson planning and 
enactment (Ross et al., 2013).  These repeated experiences support the PSTs’ reflections on 
student learning and lesson enactment and build upon that learning in subsequent lessons.  
Having PSTs plan, teach, and reflect on their initial teaching experiences of these high-level 
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science tasks provides important information for researchers and teacher educators alike.  
However, support is required in order to further develop the PSTs capacity to design high-quality 
lessons utilizing tools and frameworks.  By embedding these experiences in the context of the 
teacher preparation program, teacher educators provide the scaffolds necessary to support teacher 
learning.  
Curriculum materials play an important role for all teachers, particularly novice teachers, 
by providing tools to support their planning and instruction (Forbes & Davis, 2008; Grossman & 
Thompson, 2008).  In particular, PSTs use curriculum materials in critical ways that suggest the 
development of their pedagogical design capacity (Brown, 2009).  Brown (2009) describes 
PSTs’ planning to use instructional tools in each Learning Cycle phase even if the curriculum 
materials did not provide instructional tools.  In doing so, it is evident that the PSTs critically 
examined the curriculum materials in ways that are equivalent to Brown’s (2009) notion of 
adapting and improvising by creating their own tools or modifying tools provided.  These 
changes in the curriculum materials the PSTs made suggest that the science methods course 
provides a useful framework for supporting the development of PSTs’ PDC.   
By providing repeated scaffolded opportunities to engage in micro-planning practices as 
described above, e.g., select or design specific tools that support student engagement in those 
authentic SEPs (gathering, organizing, or representing data, identifying patterns), or sequence 
tasks based on the Learning Cycle framework, the PSTs begin to notice the necessary aspects of 
planning required for effective teaching.  These repeated opportunities enable the PSTs to 
approximate various aspects of each practice in an effort to develop their PDC (Grossman et al., 
2009b).   I provide specific details regarding the context of the study, data sources, and data 
collection and analysis in Chapter Three.   
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3.0  METHODOLOGY 
This descriptive study used qualitative data collection and analysis methods that were intended to 
better understand the extent to which PSTs’ PDC for planning high-level tasks where students 
engage in discussion developed over their preparation year.  Moreover, this study sought to 
describe and examine PSTs’ capacity to use and analyze curriculum materials and various 
resources in order to design and plan for these tasks.  Data for this study included: PST artifact 
packets (Borko, Stecher, Alonzo, Moncure, & McClam, 2005) from coursework, lesson plans, 
interviews, and video recordings of teacher preparation coursework.  This chapter describes the 
setting and the methods for this study.  I begin this chapter by providing a description of the 
study context.  Next, I describe the possible effects of my role as a researcher, course instructor, 
and field supervisor on the study itself.  Then, I describe participants, the data sources, as well as 
the collection and coding procedures.  I conclude by detailing the data analysis procedures with 
respect to each research question.  What follows is a description of the Secondary Science 
Teacher Preparation Program.    
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3.1 CONTEXT OF THE STUDY 
3.1.1 The Secondary Science Teacher Preparation Program 
This research study focused primarily on the secondary science disciplinary blocks, or methods 
courses, at a large Midwestern university in the United States during the 2013-2014 school year.  
This post-baccalaureate program included three semesters of intensive study including a 
yearlong teaching internship in a secondary school.  During the fall and spring 15-week 
semesters, there were three secondary science methods courses.  The fall semester focused 
specifically on the development of specific instructional strategies and skills related to lesson 
planning and using curriculum materials and related resources to design high-level tasks where 
students engage in whole class discussions.  During these classes, the PSTs planned and took 
turns designing tasks and implementing components of science lessons with their peers and then 
engaged in critical discussions related to those instructional episodes. Throughout the fall 
semester, PSTs learned and approximated the high leverage practice of planning and 
orchestrating a Five Practices discussion as well as the following sub-practices and instructional 
routines: developing high-level tasks, planning a lesson aligned with the NGSS, launching and 
closing a lesson, using instructional representations, planning and enacting a lecture, questioning 
the author, and developing lessons using the Learning Cycle.  Finally, PSTs reflected on various 
aspects of these practices enacted during their own teaching and classroom observations.  The 
goal of these experiences was to give the PSTs tools and opportunities to engage in 
approximation of practices that support the development of their PDC.  This dissertation study 
examined PSTs’ developing PDC for planning high-level tasks where students engage in 
discussion.  What follows is a detailed summary of how the teacher educators used the Grossman 
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Framework for Professional Preparation (Grossman et al., 2009a) to engage PSTs in the 
development of their PDC for planning high-level tasks where students engage in discussion.  
3.1.1.1 The Grossman framework for professional preparation  
Teacher educators adopted the Grossman et al. (2009a) practice-based focus in the design of this 
secondary science-teaching program in which PSTs participated in various high-leverage 
practices, including designing high-level tasks where students engage in task-based science 
discussions.  Stein et al. (2008) suggests that their Five Practices model is a useful tool for 
mathematics teachers as they orchestrate classroom discussions around inquiry-based tasks.  
Building on Stein and colleagues (2008) research, the instructors of this program used the Five 
Practices model as a framework for supporting PSTs as they learned to plan and enact task-based 
science discussions.  Using the model, I, co-planning with other instructors, designed various 
role-play scenarios in which PSTs engaged in each of the sub-practices through various 
approximations with increasing levels of authenticity.   In the following section, I detail the Five 
Practices role-play scenario.     
The teacher educators divided coursework during the fall semester into sessions in which 
the PSTs engaged in science as learners and practitioners through iterative cycles of 
decompositions, representations, and approximations of practice (Grossman et al., 2009a).  More 
specifically, in addition to other practices, the PSTs observed their instructors represent the 
practice of designing high-level tasks where students engage in discussions by having the PSTs 
approximate components of this practice by planning lessons around high-level tasks, and 
rehearsing and formally teaching instructional episodes with peers.  Through varying levels of 
authenticity the teacher educators guided the PSTs to examine specific planning and instructional 
practices and certain teacher moves that help to support student science learning.   Once the 
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PSTs had the opportunity to unpack these instructional components, they were better able to use 
those practices in their own teaching (Grossman et al., 2009a).   
The central focus of this study was developing PSTs’ PDC specifically for designing 
tasks where students engage in discussion.  To support this development, role-play interventions 
centered on the Five Practices model and provided an opportunity for the PSTs to engage in 
iterations of simulated whole class discussions while assuming the roles of both the teacher and a 
student.  Figure 3.1 details how the teacher educators used the Grossman et al. (2009a) 
framework as an instructional model to engage the PSTs in these repeated scaffolded 
approximations around planning for and enacting whole class discussions.      
 
Figure 3.1: Example of the application of the Grossman Framework for planning a Five Practices discussion 
  
Decomposition. Although researchers designed the Five Practices as a tool for teachers 
to use to make discussion facilitation more manageable (Stein et al., 2008), PSTs may struggle 
with “seeing” how to utilize this as a planning tool.   Breaking apart this framework into its 
Decomposition Teacher Educator 
Chooses components of the practice for the PSTs to approximate 
 - Select & Design Tasks - Anticipate St. Work - Planning Questions  
Representation Teacher Educator 
Provides opportunities for PSTs to critically analyze and reflect on the practice 
- Read and analyze        written case studies - Observe expert        modeling -  Analyze video cases 
Approximation Pre-Service Science Teacher 
PSTs have opportunities to practice the instructional components 
 - Select & Design Tasks - Anticipate St.Work - Planning Questons  
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component pieces allowed teacher educators to support the PSTs in identifying and practicing 
those components alone before complete integration.  Teacher educators decomposed the Five 
Practices within the context the teacher preparation classroom.  By decomposing this framework 
for orchestrating productive discussions into the respective components: (1) anticipating student 
responses, (2) monitoring student work, (3) selecting student responses for public display, (4) 
sequencing student responses, and (5) connecting student responses, I hoped the PSTs would 
begin to attend to, learn, and approximate this complex practice in the safety of their own 
university classroom before full integration in professional practice.   
By decomposing the Five Practices, the teacher educators provided PSTs with an 
opportunity to focus on certain fundamental skills, routines, and micro-practices that will help 
them to prepare for and facilitate productive task-based science discussions (Grossman et al., 
2009a). Decomposition allowed the teacher educators to call attention to as well as provide 
immediate feedback to students as they analyzed and reflected on the various components.  
Through this feedback, the PSTs began to pay attention to particular moves and aspects of this 
instructional model that help support their discussion planning and facilitation.  By focusing their 
attention on certain aspects of student thinking, student work, and important teacher moves, the 
aspects of discussion typically viewed as improvisational by many beginning teachers seem less 
so (Smith & Stein, 2011; Stein et al., 2008).  Giving the PSTs a tool for planning and facilitating 
a discussion helped them feel more comfortable standing to the side of the dialogue and allowing 
students’ opportunities to engage with each other.      
In order to support the development of the PSTs’ PDC for designing tasks where students 
engage in science discussions, the teacher educators selected particular micro-practices based on 
past research, namely: writing specific learning goals, identifying and modifying tasks, 
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anticipating student thinking, planning for monitoring, imagining the discussion storyline, 
planning questions and marking student ideas, reflecting on teaching.  The teacher educators 
believed that the development of these micro-practices in PSTs’ repertoire best support the 
development of their identity as instructional engineers as well as their PDC for designing task-
based science discussions.   
Representation.  Once the teacher educators selected each micro-practice, they co-
planned ways to best represent each.  The PSTs observed the expert teachers utilizing the model, 
read written cases, as well as analyzed student work.  Through varying levels of authenticity the 
teacher educators guided the PSTs to examine specific practices or certain teacher moves that 
help to support the instructional dialogue that might otherwise go unnoticed.  By drawing 
attention to particular details, the PSTs began to identify and learn ways in which they might 
begin to build their own teaching repertoire.     
Once the PSTs analyzed various micro-practices related to designing task-based science 
discussions, they have a model, or representation, by which to analyze this complex practice 
(Stein et al., 2008).  For example, by providing PSTs with examples of student work and a case 
study of how a classroom teacher implements her classroom discussion, the teacher educators 
foregrounded salient aspects of anticipation, monitoring, selecting, sequencing, or connecting the 
teacher may have used.  Using various representations assisted the PSTs in visualizing ways in 
which they can begin to use and develop their own identity as an instructional engineer 
(Grossman et al., 2009a).   
Approximation.  By simulating and role-playing a Five Practices discussion in their 
university classroom, the PST engaged in approximations of practice similar to those identified 
by Grossman et al. (2009a).  As they gained experience, they engaged in varying levels and 
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iterations of authentic and complex discussion practices, thereby developing the knowledge and 
skills necessary to begin to integrate the decomposed pieces of the Five Practices model.  
Through providing PSTs with public practice and feedback, teacher educators highlighted 
particular aspects of the model, like anticipating and monitoring, while other, less important, 
aspects of discussion planning and facilitation were not a focus.   By drawing PSTs’ attention to 
these important aspects and allowing them to engage in opportunities to practice, they began to 
develop their PDC for designing tasks necessary to facilitate productive, engaging science 
discussions with students.  
Early in the preparation program, PSTs have opportunities to approximate less authentic 
practices, e.g., analyzing a written case, or engaging in the Five Practices role-play within the 
context of their university classroom.  As the year progresses, the PSTs approximate more 
authentic practices as they gain more experience, e.g., planning lesson and designing tasks 
regularly at field sites.  Figure 3.2 describes the approximation opportunities in which PSTs 
engaged throughout the university coursework and internship.   
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3.1.1.2 Pedagogical Cycles of Instruction 
Recall that the teacher educators at this university designed role-play scenarios that enable the 
PSTs to engage in approximations (Grossman, et al., 2009a) of the selected practices previously 
described.  Based on Lewis, Murray, Schutz, and Scott (2010), they used a pedagogical cycle of 
rehearsal, planning, and feedback that provided the PSTs with opportunities to engage in 
facilitating a discussion in the classroom (Figure 3.3).   
Figure 3.2: Diagram of the levels of approximation in which PSTs engage during the teacher preparation program 
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Figure 3.3: Pedagogical cycles for orchestrating task-based science discussions adapted  
from Lewis, Murray, Schutz, & Scott (2010) 
 
During the methods courses, the PSTs engaged in multiple approximations of each micro-
practice as described above (Grossman et al., 2009a).  What follows is a summary of the fall and 
spring semesters including in-class work and out of class assignments pertaining to this study 
(Table 3.1).  The four Instructional Performances, a main data source of this project, are 
highlighted in the out of class assignment section of the table.   Appendix A describes in more 
detail the learning opportunities and pertinent coursework sessions related to this study. 
  
 
 
 
PSTs planned 
and enacted 
discussion and 
reflected on 
lesson  
 
PSTs enacted 
discussion using 5 
practices framework   
PSTs worked 
in pairs and 
planned to 
monitor, select, 
sequence and 
connect 
students’ 
responses 
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Table 3.1: Secondary science teacher preparation courses related to task design, lesson planning, and the Five Practices model 
 
Fall 
Week 
1 
In
 C
la
ss
 S
es
si
on
s 
A Model of 
Engaged Science 
Learning 
Engage as 
Students in 
The 
Fastplants 
Task 
Supporting 
Engagement 
in Science 
Learning 
Review of 
NGSS SEPs   
O
ut
 o
f C
la
ss
 A
ss
ig
nm
en
ts
 
Fall 
Week 
2 
Introduction to 
Lesson Planning 
Examining 
Initial 
Lesson 
Plans 
What 
Belongs in a 
Lesson Plan? 
Why Detailed 
Planning is 
Important? 
 Lesson Plan 1 Lesson Plan 1 Revision 
Fall 
Weeks 
3-7 
Learning Goals & 
Objectives 
(Review) 
 
What is a High 
Cognitive Demand 
Task? 
Micro-
teaching 
practice: 
Launch 
Anticipating 
& Getting 
Ready to 
Monitor 
Role-Play 
Monitoring, 
Selecting, 
Sequencing, 
and 
Connecting 
Role Play 
Anatomy 
of a 
Lesson  
& 
Lesson 
Arcs 
Anticipating, 
Monitoring, 
Selecting, 
Sequencing, & 
Connecting  
Planning for micro-
teach role-play 
Instructional 
Performance 
1 & 2 
Spring 
Weeks 
1-8 
Learning Cycle 
& Five Practices 
Revisited 
Engaging as 
Students in a 
Physics Task 
Formative 
Assessment 
What is it 
and Why it 
is 
important? 
High-
Demand 
Tasks 
Revisited 
PSTs own 
Tasks 
Scaffolding 
Revisited 
 Examples of 
Scaffolding 
from PSTs 
Maintain 
Cognitive 
Demand 
Revisited 
Examples 
from 
PSTs 
Instructional 
Performances 3 & 4 
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During week one, PSTs engaged in a protocol design task as science learners, A Model of 
Engaged Science Learning: The Fastplants Task.  In doing so, PSTs recognized the important 
aspects of a task designed with the NGSS in mind.  Once the PSTs participated in this lesson, 
they examined a case study in which a teacher attempted to facilitate a task-based discussion in 
her classroom regarding Wisconsin Fastplants data her students collected.  The teacher educators 
provided the PSTs with examples of student work, and graphical data representations created to 
answer the question, “What is Typical Plant Height?”  The PSTs examined graphs and 
considered ways to approach a discussion to answer the question.  The PSTs then read and 
discussed the case study.  The case study highlighted many common problems that teachers 
encounter when facilitating a discussion.  The teacher educator foregrounded these issues and 
supported the PSTs in planning how the teacher might have created opportunities for better 
student engagement and a more productive discussion.  Finally, the PSTs wrote their first lesson 
plan (LP) drawing on these experiences.     
During the remaining weeks, the PSTs had multiple opportunities to assume the role of a 
student and the teacher by planning and practicing enacting high-level tasks and discussion in the 
classroom. The PSTs participated in a rehearsal role-play in which they engaged as teachers 
planning and facilitating a whole class discussion.  We developed the elaborate scenarios related 
to various science ideas (e.g. kinetic molecular theory) (see Appendix A). The materials that 
supported each role-play scenario include: (a) a description of the instructional activities in 
which students would participate; (b) samples of student work that have been selected or 
invented such that typical alternative conceptions are represented; (c) background information 
for the person playing each student’s role; and (d) tools to support teacher’s monitoring, 
selecting, sequencing, and question planning. The PSTs engaged in approximations of all Five 
  84 
Practices related to discussion facilitation.  Specifically, they took turns adopting the role of 
student and teacher throughout the scenarios and had multiple opportunities to offer and receive 
feedback on their teaching performances and decision-making throughout each scenario.  
The PSTs then worked in pairs assuming the teacher role by engaging in monitoring 
students’ work and asking questions aimed at surfacing student thinking.  After considering the 
student representations/models, they selected and sequenced the models and the order in which 
they would want ideas to emerge during the discussion.  Finally, they connected the ideas 
together in a practice discussion.  This discussion helped to foreground the steps needed to take 
to plan and prepare for a discussion in order to have a productive discussion with students. 
Through the experiences of engaging as a teacher and as students over several iterations 
in university coursework, the PSTs began to notice important teacher moves necessary for 
implementing a productive discussion.  By making explicit the teacher moves during the role-
play, there were several opportunities for the PSTs to develop the skills needed in performing 
this essential science practice (Achieve, Inc., 2013).  Based on Kazemi, Franke, and Lampert’s 
(2009) model for developing pedagogies for supporting novices to enact the ambitious 
instruction, each rehearsal lasted from 10 to 20 minutes, during which time their classmates or 
the instructor stopped the rehearsal to ask a question, suggest alternative lines of questioning or 
reasoning, or make note of appropriate teacher decisions.  The coaching and discussion between 
role-plays helped to support the PSTs in developing the planning and instructional practice 
necessary to facilitate a productive science discussion. 
In the remaining weeks, the PSTs planned, taught, and reflected on lessons they designed 
to engage students in discussions.  These assignments, called Instructional Performances, 
required that the PSTs create artifact packets (Borko et al., 2005).  In these packets, the PSTs 
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provided their lesson plans, tasks, instructional materials, reflections, and student work.  These 
artifact packets were a main data source for this dissertation study as described below.  
Ultimately, as the PSTs participated in their field experiences at their secondary placement sites 
during the spring semester, I expected they would begin to incorporate discussions into their 
lesson planning and implementation.  Evidence of the development of PDC by drawing on their 
curriculum materials, tools, and instructional models was evident in their planning practices.    
3.2 THE ROLE OF THE RESEARCHER 
During the 2013-2014 school year, I served as one of three course instructors for the three 
disciplinary block methods courses.   As a course instructor, I co-planned and co-taught these 
classes, as well as provided feedback on certain assignments.  In addition, I was the field 
supervisor for two PSTs, Mark Bryant and Kady Tanner (see Table 3.2).  As field supervisor, I 
observed and provided feedback on the PSTs’ planning and instruction at their high school field 
sites.   
During this dissertation study, assuming the roles of instructor, field supervisor, and 
researcher, required that I define these roles a priori.  As instructor, I planned and led course 
sessions, and assessed and provided feedback on written work (including assignments that were 
part of my data collection).  As field supervisor, I provided feedback on lesson planning and 
instruction, observed lessons, and provided support in all aspects of PST learning.  Furthermore, 
I did not interview the two students I supervised (Mark Bryant and Kady Tanner) in order to 
avoid any bias in my questioning or their responses.  As researcher, I obtained consent from all 
PSTs to collect part of their university assignments, lesson plans, and video record class sessions.  
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In addition, I conducted interviews with the subset of PSTs.  Conducting interviews with my 
own students at the conclusion at the fall and spring semesters allowed me to establish a rapport 
with students that otherwise would not have occurred.  This rapport allowed the PSTs to discuss 
their work and feelings in an open and honest way, which might not have occurred if the 
interviews were conducted by another researcher (Fontana & Frey, 1994). However, for some 
PSTs serving as course instructor might have limited their willingness to be as open and honest, 
a possible limitation of my study.  The consistency between what students said during the 
interviews and what was learned from the analysis of their lesson plans provides evidence of the 
probable honesty of their comments.  For example, three PSTs indicated that the coursework at 
the beginning of the fall semester was uninteresting and did not pertain to them.   
Aside from obtaining consent at the beginning of the fall semester and setting up the 
camera for recording, I did not assume the role of researcher during course sessions and field 
supervisions.  I felt it was important to provide the best support I could for the PSTs as they 
develop their skills and teaching repertoires.   As for the subset of PSTs interviewed, these 
interviews minimally impacted our relationship as student and as course instructor.  In addition, I 
explained to the interviewees that their responses were confidential from others and provided 
them an opportunity to further reflect on their own planning and support the improvement of the 
teacher preparation program at the university.  
3.3 PARTICIPANTS 
All of the PSTs were enrolled in a Master of Arts teacher preparation program at an urban 
Midwestern university and all received undergraduate degrees in science.  While all of the PSTs 
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in the secondary science Master of Arts in Teaching program were enrolled in the course (N=15) 
and consented to participate in the study, I selected a subset of PSTs for the interviews. Table 3.2 
provides information about the participants of the study and those selected for interviews.  
All the PSTs consented so that I could record video of the desired lessons that focus on 
lesson planning, task design, and the Five Practices model, and use their Instructional 
Performances as data sources described in Appendix A.  Because I am the principal researcher 
gathering data and interviewing on this project, I selected nine PSTs to interview based on the 
combination of scores on the task and discussion rubrics below (Appendix C).  PSTs could 
receive a maximum score of 33 on both rubrics; three PSTs were selected from each group 
receiving high, medium, and low scores.  I identified the highest total scores on IP1 and IP2.  
From those scores, I categorized the remaining students into the three scoring categories.  In 
selecting PSTs for interviewing in addition to utilizing the rubric scores, I selected a 
representative a sample as possible from the categories taking into account PSTs’ school type 
(urban/suburban), content areas, grade levels, gender, and age/race/ethnicity.  
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Table 3.2: Description of study participants 
 
Intern 
Pseudonym Content Area Grade Level School Type 
Mark Bryant Biology High School Suburban Public 
Calvin Cary Physics High School Suburban Public 
Frank Daniel Biology High School Urban Public 
Nicholas David Biology High School Suburban Public 
Florence Edward Biology High School Suburban Public 
Kelly Hendrick Biology High School Suburban Public 
Nancy Hall Biology Middle School Urban Public 
Kristen Ingall Chemistry High School Urban Public 
Xavier Idol Biology High School Urban Public 
Bonnie Kyle Biology High School Urban Charter 
Dana Nacey Biology Middle School Urban Private 
Kady Tanner Chemistry High School Suburban Public 
Nicole Timko Biology High School Urban Public 
Mary Wilson Earth Science High School Suburban Public 
Scott Xander Physics High School Urban Public 
Note: Highlighted Rows Indicate PSTs Selected for Interviews. 
3.4 DATA SOURCES 
I collected data from coursework, PSTs’ instructional performance artifact packets, videotapes of 
university course sessions, additional lesson plans, and interviews to address the research 
questions.  Recall that the research questions that guide the study were as follows:  
I. To what extent do PSTs draw on the Five Practices Model to support planning of 
task-based discussion lessons? 
Specifically –  
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i. To what extent do they anticipate students’ work on the task?  
ii. To what extent do they plan for ways to monitor students’ work during the 
task?  
iii. To what extent do they plan specific questions to elicit, challenge, or 
extend students’ thinking?   
iv. To what extent do they plan or imagine a storyline for how they want the 
discussion to unfold?   
v. To what extent do they plan to make connections across students’ ideas 
and connect to disciplinary ideas?   
vi. To what extent do they plan for specific marking strategies to highlight 
important ideas? 
vii. To what extent do they purposefully select and sequence the ideas they 
want to emerge during the discussion?  
a. What available curriculum materials, including texts, online resources, and 
standards, do PSTs use during planning of these lessons? 
b. What other resources or frameworks do PSTs use to plan task-based discussion 
lessons?  
II. To what extent does PSTs’ use of various resources and planning strategies support or 
hinder their ability to create lessons in which students are engaged in a challenging 
task where they participate in SEPs and engage in discussion?  
III.  To what extent does PSTs’ pedagogical design capacity (PDC) for task-based science 
discussion lessons change over the course of their teacher preparation program? Are 
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patterns and changes related to specific learning opportunities or elements within the 
teacher preparation program?   
Included in the coursework were lesson plans and artifact packets produced by the PSTs 
for the Instructional Performances (IP).  PSTs’ created two IP artifact packets during both the fall 
and spring semesters for a total of four.  Each artifact packet included: task, detailed lesson plan, 
instructional materials, student work, and a reflection on their planning and teaching that 
addressed questions posed by the teacher educators. I also asked the PSTs to identify lesson 
plans they created for during their internship placements (“In the Wild Lessons Plans”).  In 
addition to the lesson plans and artifact packets, I interviewed the PSTs at the end of the fall 
semester and again   near the end of the spring semester.  Table 3.3 provides an overview of the 
data sources, the frequency of collection, and which research question each data source 
addresses. Figure 3.4 depicts the timeline of data collection.   
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Table 3.3: Correlation of research questions and data sources 
 
Data Sources Frequency and Timing of Collection Research Question Addressed  
  1 2 3 
  a b c   
Audiotaped 
Interview 
• Audio 
Recording 
• Transcripts 
2 Interviews -  
End of fall semester 
and near end of 
spring semester 
X X X X X 
Initial Lesson 
Plan  
1 – during fall 
semester Week 1  X X X  X 
Instructional 
Performance (IP) 
Artifact Packets 
• Task 
• Lesson Plan 
• Reflection 
• Instructional 
Materials 
• Lesson 
Artifacts 
• Student 
Work 
4 Total –  
2 fall semester 
(Weeks 8-16) and 2 
spring semester 
(Weeks 1-8) 
X X X X X 
In the Wild 
Lesson Plans  
3 Total from each 
PST – solicited 
during the final three 
months of the spring 
semester 
X X X X X 
Video Taped 
University 
Courses  
• Video 
Recording 
• Field Notes 
All pertinent 
university course 
sessions      X 
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Figure 3.4: Timeline of data collection 
3.4.1 Lesson Plan – Baseline 
During week one of the fall 2013 semester, each PST created an initial lesson plan (LP) (see 
Table 3.3 and Fig. 3.4).  The instructor assigned this lesson plan after the PSTs had an 
opportunity to engage in science as learners and begin to unpack supporting student engagement 
using the SEPs as part of their coursework.  This assignment required PSTs to create a lesson 
plan (see Appendix A for assignment expectations).  PSTs included the curriculum materials and 
other resources they used as part of their planning.  The instructors did not give a template or set 
requirements for this first assignment.  The only parameters were the requirement that PSTs plan 
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a lesson for a class discussion meeting some of the SEPs, making this particular lesson plan an 
appropriate baseline plan to allow for comparison between future lesson plans.  
3.4.2 Data of Teacher Preparation Coursework 
Because this dissertation study sought to examine PSTs’ lesson planning practices in an effort to 
describe the development of their PDC for designing high-level tasks where students engage in 
discussion, I observed the teacher preparation courses focusing on lesson planning, designing 
tasks, and discussion.  During these observations, I recorded in-depth field notes (Emerson, 
Fretz, & Shaw, 1995) and videotaped each university lesson.  After analyzing the IP artifact 
packets and interviewing the PSTs at the end of the fall semester, I used the patterns that 
emerged from analyzing each in an effort to relate these findings to particular coursework 
sessions.  Once I identified those sessions, I described the lesson and instructional materials 
identified (Appendix A).  Using these videos and field notes helped me to identify the features of 
the coursework that attributed to the PSTs’ planning.  These findings support the design 
refinement and further development of the secondary science teacher preparation program.     
3.4.3 Instructional Performance Artifact Packets 
As part of the coursework described above, the PSTs completed two instructional performances 
in each semester, where they planned, taught, and reflected on a whole class discussion lesson 
focused on engaging students in the SEPs.  As part of the assignment, the PSTs generated artifact 
packets (Borko et al., 2005).  Each packet includes: lesson plan, task, artifacts of student work 
from the lesson (e.g., pictures of graphical representations, student work), and a reflection on 
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teaching and student learning.  As part of the reflections, the PSTs answered questions related to 
the resources and curriculum materials used during planning and how their planning supported 
student engagement in the SEPs.  These artifact packets were the main data source for this 
dissertation study.    From these packets, I examined and described the PSTs’ lesson planning 
practices related to designing high-level tasks where students engage in discussion.  
3.4.4 Interviews 
At the end of the fall and near the end of the spring semester, I interviewed the selected group of 
PSTs using the protocols in Appendix E.  I selected PSTs based on the combination of scores on 
the HLTR and LPDR rubrics (Appendix D).  I selected nine of the 15 PSTs from representative 
content areas, school type, grade levels, and demographic groups within each scoring category 
Low, Medium, and High.  Table 3.2 identifies the PSTs selected for interviews.  These 
interviews provided detail pertaining to the PSTs’ use of curriculum materials and resources, and 
use of instructional frameworks, like the Five Practices, lesson planning practices, and 
challenges to planning and teaching these types of discussions.  In addition, these interviews 
enabled the PSTs to identify specific coursework sessions during each semester that influenced 
or supported this type of planning.  From these interviews, I identified particular university 
coursework sessions to analyze further through the video as described above.    
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3.5 CODING AND ANALYSIS 
This section describes the coding tools and processes I used to code the data for analysis in this 
study.   I took a number of measures to ensure the reliability and validity of this study.  In order 
to establish reliability in coding this qualitative data study, a second coder coded a subset of the 
data (Miles & Huberman, 1994).  To ensure reliable coding of the interview transcriptions, the 
second coder coded five out of 18 interviews (25%) using Brown’s (2009) “types of curriculum 
use,” i.e., adapt, offload, and improvise, for task selection.  In addition, I used the Grounded 
Theory Model (Boyatzis, 1998) to identify themes and concepts that emerged.  The primary 
coder trained this secondary coder using the coding definitions and examples in Appendix E.3.  
In double coding these interviews, we were able to achieve an interrater reliability 82%.  Where 
we disagreed, we subsequently discussed the codes and reached a consensus.  
In order to ensure reliable coding of the IP artifact packets, the second coder used the 
lesson plans, tasks, and reflections to code for elements of a high-level task and elements of a 
lesson plan that support discussion using the Task Analysis form (Appendix B) and High Level 
Task Rubric (HTLR) (Appendix D.1) and Lesson Plan for Discussion Rubric (LPDR) (Appendix 
D.2). The second coder coded 15 of the 60 IP artifact packets (25%).  The primary coder trained 
the secondary coder regarding the appropriate coding definition rules for each analysis and the 
completion of the analysis forms.  Using the reliability formula described by Miles and 
Huberman (1994), I calculated interrater reliability between the primary coder and the secondary 
coder at 87%.  We resolved all disagreements through discussion.   This secondary coder was 
familiar with the study and the Five Practices model, which allowed for such a high reliability 
score.     
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3.5.1 Interviews 
As noted above, I interviewed each selected participated twice, once after the fall semester using 
Interview Protocol 1 (Appendix E.1) and once after the spring semester using Interview Protocol 
2 (Appendix E.2).  I recorded and transcribed each participant interview for a total of 18 
interviews (three participants from each scoring category).  I coded the transcriptions using the 
Grounded Theory Model (Boyatzis, 1998) as well as Brown (2009) types of curriculum use (Chi, 
1997; Miles & Huberman, 1994).  These helped me to identify themes regarding PSTs’ 
perceptions lesson planning, use of planning practices, and influence of coursework (see 
Appendix E.3 for definition rules and example data excerpts).   In order to triangulate with 
findings on the HLTR and LPDR, I analyzed relevant segments of transcripts relating to the Five 
Practices, whole class discussions, and relevance of coursework using the online data analysis 
and management program Dedoose Version 4.12.14 (Denzin, 1978; Patton, 1999).  More 
specifically, I analyzed the PSTs’ use of the Five Practices, the ways in which they used their 
curriculum materials and the support provided by human resources, i.e., mentors and university 
supervisors.  These analyses shed light on the PSTs’ understanding of particular features of 
lesson planning that support student engagement in high-level tasks where students engage in 
discussion.  Furthermore, the interviews provided information regarding the influence of 
particular topics from coursework sessions and highlight areas that required design modification. 
3.5.2 Analytic Tools 
I used three main tools to complete the analysis of the baseline lesson plan and IP artifact 
packets:  (1) PST Task Analysis Form (PTF) (Appendix B), (2) the Elements of a High-Level 
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Task Scoring Rubric (HLTR) (Appendix D.1), and (3) the Elements of a Lesson Plan that 
Supports Discussion Scoring Rubric (LPDR) (Appendix D.2).  What follows is a description of 
these tools and how I used these tools to analyze the data related to each research question.   
3.5.2.1 PST task analysis form and elements of a high-level task scoring rubric 
The PST Task Analysis Form (PTF) (Appendix B) served as the initial coding form for each 
lesson plan (Instructional Performance and “In the Wild”).  On the form, the coder described the 
lesson, task, identified the type of task (experimentation, data 
analysis/representation/interpretation, explanation), and identified the potential level of cognitive 
demand of the task (See Appendix B for completed example).  To determine the level of 
cognitive demand, the coder used the Science Task Analysis Table (STAT) derived from Cartier 
et al. (2013) (Appendix C).  After summarizing the lesson and the task in detail using the PTF, 
the coder used the Elements of a High-Level Task Scoring Rubric (HLTR) (Appendix D.1) to 
score the task as designed by the PST.  The maximum score a PST could receive on this rubric 
was 10.  The HLTR assessed the following parameters of a high-level task that supports a 
science discussion: lesson goals, potential task demand, support of student engagement NGSS 
Science and Engineering Practices, support of student engagement in productive whole class 
discussion, and the potential for students to create artifacts as a result of the task.  
3.5.2.2 Elements of a lesson plan that supports student engagement in discussion scoring 
rubric  
In an effort to examine the implementation of the Five Practices model and other instructional 
planning practices presented over the course of the semester, the coder used the LPDR form 
(Appendix D.2) to analyze the available data.  The LPDR scored each lesson plan by taking into 
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account additional research into PSTs’ anticipation and lesson goals for high-level tasks (Smith 
et al., 2013).  Using this form, the coder focused her attention on the anticipation, monitoring, 
and other planning practices supported by the Five Practices model (Smith & Stein, 2011).  The 
coder scored the lesson plan and provided evidence for each score. The coder then input the 
scores and evidence into a matrix for further analysis.  A completed example of the HLTR and 
LPDR can be found in Appendix D.3.    
3.5.3 Data Analysis   
I used various measures and analyses of the data corpus collected in this study.  This section 
details the analyses used to address each research question.  Table 3.4 describes how I used each 
particular data source to address each research question and how I analyzed these data.
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Table 3.4: Data analysis structure used to address each research question 
 
Research 
Question 
Data Sources Analysis 
Video of 
University 
Course 
Sessions 
Interviews 
Lesson Plan 1 & Instructional 
Performance Artifact Packets & 
In the Wild Lessons 
 
I 
• Video 
• Field 
Notes 
 
• Interview 
Transcripts 
• Lesson Plan 
• Task 
• Lesson Artifacts 
• Additional Planning Materials 
• Reflection 
• PST Task Analysis Form 
• High-Level Task Rubric 
(HLTR) 
• Lesson Plan Supporting 
Discussion Rubric (LPDR) 
• Interviews coded using Grounded Theory Model to analyze PSTs’ use of 
curriculum materials and resources, use of the 5 Practices, Learning Cycle 
and other strategies from coursework 
• Compare the scores on the HLTR and LPDR across LP1 and IPs 1-4 
• Generate a within case and cross case matrix that details the scores on 
each rubric over time 
• Generate a within case and cross case matrix that details the change in use 
of curriculum materials and other resources over time 
II 
 • Interview 
Transcripts  
• Lesson Plan 
• Task 
• Lesson Artifacts 
• Additional Planning Materials 
• Reflection 
• PST Task Analysis Form 
• High-Level Task Rubric 
• Lesson Plan Supporting 
Discussion Rubric  
• Interviews coded using Grounded Theory Model to analyze PSTs’ use of 
how planning supports or hinders PSTs’ ability to plan lessons where 
students are engaged in SEPs 
• Compare the scores on the HLTR and LPDR across LP1 and IPs 1-4 
• Generate a within case and cross case matrix that details the scores on 
each rubric over time 
• Generate a within case and cross case matrix that details the change in use 
of curriculum materials and other resources over time  
III 
• Video 
• Field 
Notes 
 
• Interview 
Transcripts 
• High-Level Task Rubric 
• Lesson Plan Supporting 
Discussion Rubric 
• Interviews coded using an the Grounded Theory Model to analyze PSTs’ 
use of curriculum materials and resources, use of the 5 Practices, Learning 
Cycle and other strategies from coursework 
• Generate a within case and cross case matrix that details the patterns that 
emerge 
• Within-subjects repeated measures ANOVA to analyze significance of 
differences in total rubric scores 
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3.5.3.1 Research question I 
In order to answer Research Question I – (to what extent do PSTs draw on the Five Practices 
Model to support planning of task-based discussion lessons?) – I analyzed the data to answer the 
sub-questions related to PSTs use of the Five Practices model, available curricular resources, and 
other resources in their planning of the Instructional Performances.   I analyzed the initial lesson 
plan, Instructional Performances 1-4, and any In the Wild Lesson Plans.  I used descriptive 
statistics and qualitative analyses to provide a measure of how PSTs drew upon the various 
resources on the dimensions of a high-level task and elements of a lesson plan that support 
discussion.  These results provided a measure of what the PSTs used with respect to particular 
curriculum materials and other resources, including instructional frameworks, to plan high-level 
tasks where students engage in whole class discussions when they were explicitly told to design 
a task-based discussion.  I identified similarities and differences between first LP and IPs 1-4 
using within case and cross case matrices (Miles & Huberman, 1994).  
3.5.3.2 Research question II  
In order to answer Research Question II - (to what extent does PSTs’ use of various resources 
and planning strategies support or hinder their ability to create lessons in which students are 
engaged in a challenging task where they participate in SEPs and engage in discussion?) – I 
compared the scores of the HLTR and the LPDR with the patterns that emerged during the 
interviews and coding of the curriculum materials and resources.   Based on the materials and 
resources and the scores, I identified what, if any, planning strategies supported their planning of 
tasks where students participate in discussion or hindered this planning.  In doing so, I drew 
conclusions related to the ways in which the PSTs planned and utilized the available resources 
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and the level of lesson planned.  Finally, I used descriptive statistics, e.g., totals, means, and 
percentages, for each IP to make comparisons between PSTs to determine the extent to which the 
level of cognitive demand of the task and detailed lesson planning changes throughout the year.   
3.5.3.3 Research question III  
In order to answer Research Question III – (to what extent does PSTs’ pedagogical design 
capacity (PDC) for task-based science discussion lessons change over the course of their teacher 
preparation program? Are patterns and changes related to specific learning opportunities or 
elements within the teacher preparation program?) – I used total scores from the HLTR and the 
LPDR (33) for LP and IPs 1-4 in order to make comparisons over the course of the program.  I 
conducted a within-subjects (repeated-measures) analysis of variance (ANOVA) to compare the 
total HLTR/LPDR scores for each of the 15 PSTs across the five instructional performance 
times.  I investigated the dataset for the inferential analysis assumptions of (a) absence of 
outliers, (b) normality, and (c) sphericity.  Mauchly’s test indicated that the assumption of 
sphericity had been violated χ2(9) = 17.90, p =.038.  Violations of sphericity can result in an 
increased Type I error rate.  SPSS offers the Greenhouse-Geisser adjustment to the F-statistics in 
the ANOVA, which corrects for violations of sphericity by adjusting degrees of freedom 
(Pallant, 2007).  All inferences made from the ANOVA analysis were performed using the 
probabilities obtained using the adjusted Greenhouse-Geisser F-statistic (ε = 0.55). 
I performed a check of boxplots for the total HLTR/LPDR scores at each of the five IP 
times of (a) lesson plan (LP) scores, (b) beginning of fall intervention (IP 1) scores, (c) end of 
fall intervention (IP 2) scores, (d) beginning of spring intervention (IP 3) scores, and (e) end of 
spring intervention (IP 4) scores to visually inspect for outliers, and no outliers were indicated.  
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 The lesson plans the PSTs created at the beginning of the fall semester, for IP 1 and IP 2 
(end of fall), and IP 3 and IP 4 (spring semester) represented three different time points during 
their teacher preparation.  Comparisons between LP and IP 1 and IP 2 represent the extent to 
which the university coursework impacted the PSTs’ planning immediately following lessons 
focusing on the dimensions related to the HLTR and LDPR.  Additionally, comparisons between 
LP1 and IP 3 and IP 4 and IPs1-4 represent the uptake and traction of the strategies presented in 
the coursework by the PSTs in their planning practices.  
 Finally, I identified patterns with respect to which PSTs’ scores on the HLTR and LPDR 
and the curriculum materials and resources identified during interviews.  By comparing these 
data with the video data of the coursework sessions, I created a detailed narrative of PSTs’ that 
developed high levels of planning practices with respect to challenging tasks that support 
discussion versus PSTs’ that developed medium and lower levels of these planning practices.  
Responses to the interview questions asked during both interviews as well as data from coding 
the PSTs’ lesson plans served as data for each narrative.   
3.5.3.4 In the wild lesson plans 
At three time points during the spring semester, I solicited lesson plans from the PSTs.  These 
solicitations occurred in February, March, and April.  I asked PSTs to email me lesson plans of 
lessons taught at their internship sites that were not for a course assignment, an “In the Wild” 
lesson plan.  Only three PSTs responded.  Because the response rate was so low, I did not 
include these scores in my analyses.  I did; however, include a line of questioning in the final 
interview protocol that addresses challenges the PSTs faced when planning and teaching these 
types of lessons with the goal of learning possible reasons why the response rate was so low.   
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3.6 SUMMARY 
This chapter described the study context, participants, and the methodological approaches used 
in this study to address my research questions.  This study used a descriptive and quantitative 
mixed-methods approach to investigate development of PDC for designing challenging tasks that 
support student engagement in whole class discussions.  This study allowed me to describe the 
evolution of PSTs’ instructional practices over the course of their participation in the teacher 
preparation program.  I drew upon course assignments, interview transcripts, and classroom 
observations collected throughout the teacher preparation year.  In coding the data, I developed, 
refined, and revise the coding schemes to account for emergent codes.   After coding the data, I 
quantified some of the codes, as appropriate, in order to make meaningful comparisons between 
the data and to describe the PSTs’ lesson planning practices for task-based discussions.  In 
addition, I summarized the change over time of the PST planning scores for supporting science 
discussions.  Chapter Four presents the results of these analyses.    
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4.0  RESULTS 
This chapter reports the results of the data analyses described in Chapter Three used to answer 
the research questions of this study.  It is organized into three main sections.  In section 4.1, I 
provide detailed narratives of the PSTs’ use of the Five Practices Model.  Narratives focus on 
interview participants’ scores on Instructional Performance 4, which demonstrated PSTs’ 
learning over the course of the year.  Section 4.2 describes how the PSTs use of various 
resources support or hinder their ability to create lessons where students engage in discussion. 
Section 4.3 describes the development of the PSTs’ PDC over time and identifies which teacher 
preparation course sessions had the most impact on PSTs’ learning, as identified by the PSTs. 
Results show improvement of the PSTs’ lesson-planning practices for discussions over time as 
well as the design of high-demand tasks. 
4.1 PRE-SERVICE TEACHERS’ USE OF CURRICULAR RESOURCES AND 
INSTRUCTIONAL FRAMEWORKS IN PLANNING DISCUSSIONS 
4.1.1 Use of the Five Practices Model 
Research Question I: To what extent do PSTs draw on the Five Practices Model to support 
planning of task-based discussion lessons? 
105 
In the first phase of the analysis for this study, I examined the ways in which PSTs drew on the 
Five Practices model to support their planning of task-based discussion lessons.  In doing so, I 
used the HLTR and the LPDR (Appendix D) to score the PSTs’ lesson plans as described in 
Chapter Three.  Table 4.1 displays the PSTs’ total scores on the baseline lesson plan, 
Instructional Performances 1, 2, and 3, as well as Instructional Performance 4, which occurred 
after the completion of the six-month intervention.  After the fall semester, I selected the PSTs 
for interviews based on their scores on IP 1 and IP 2.  Six PSTs scored high with scores of 45-64.  
Five PSTs scored in the medium range with total scores of 23-39 and four PSTs scored low with 
scores from 10-18.   
 Overall, the PSTs’ scores improved over time indicating that as the year progressed 
students drew on the Five Practices model to a greater degree in their planning.  The majority of 
the PSTs remained in the same scoring category throughout the year.  For example, the six PSTs 
scoring high (Kristen Ingall, Kelly Hendrick, Bonnie Kyle, Kady Tanner, Mark Bryant, and 
Frank Daniel) scored high consistently.  However, eight of the nine PSTs scoring medium and 
low improved their scores over time.  Nicholas David is the only PST whose low scores did not 
seem to improve with time.  It is difficult to know from this data why Nicholas David’s scores 
did not improve.  Additional data are needed in order to examine his performance.   
As, described in Chapter Three, my analysis involved examining the characteristics of a 
PST demonstrating high, medium, and low PDC for planning task-based science discussion 
lessons.  Here, I describe the ways in which PSTs used the Five Practices Model in the planning 
of their lessons.    
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Note: Grouped by scores: Mark Bryant – Kady Tanner (High), Calvin Cary – Scott Xander (Medium), Nicholas David – Nicole Timko (Low) 
Figure 4.1: Bars represent the total HLTR/LPDR scores for each instructional performance time, according to individual teacher (N = 15) 
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Table 4.1: Total scores (out of possible 33) of the PSTs' pre-lesson and instructional performances over the course 
of the year 
Intern Name 
Instructional Performances 
Pre-
Lesson IP1 IP2 
Sub 
Total 
(1 & 2) IP3 
IP4 
(Post) 
Total 
(1-4) 
Kristen Ingall 2 33 31 64 33 33 130 
Kelly Hendrick 4 31 31 62 33 33 128 
Bonnie Kyle 2 32 26 58 33 33 124 
Kady Tanner 1 22 29 51 31 29 111 
Mark Bryant 2 16 29 45 29 33 107 
Frank Daniel 6 24 21 45 25 29 99 
Nancy Hall 4 17 22 39 16 27 82 
Calvin Cary 1 16 14  30  20 19 69 
 Dana Nacey 1 11 18 29 16 16 61 
Scott Xander 5 13 14 27 22 26 75 
Mary Wilson 7 13 10 23 20 30 73 
Florence Edward 3 8 10 18 17 18 53 
Nicole Timko 2 6 13 19 16 19 54 
Nicholas David 4 6 5 11 7 5 23 
Xavier Idol 2 4 6 10 16 13 39 
         Mean 3.07 16.8 18.6 35.4 22.3 24.2 117.3 
         Maximum Score 7 33 31 64 33 33 130 
Minimum Score 1 4 5 9 7 5 23 
Note: Total scores listed for IP 1 and IP 2, which I used as a parameter for selecting PSTs for 
interviews.  Each grouping of PSTs’ scoring in the High, Medium, and Low, respectively 
categories are separated by dotted lines.  First column numbers correspond to Figure 4.1. 
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4.1.1.1 Use of the Five Practices model by PSTs demonstrating high pedagogical design 
capacity   
One of the goals of this study was to define and operationalize PDC for planning task-based 
science discussions.  In the first part of my analysis, I identified the PSTs scoring high, medium, 
and low after the first semester in order to select interview participants for the year.  In doing so, 
I identified six PSTs that scored high on Instructional Performances 1 and 2: Kristen Ingall, 
Kelly Hendrick, Bonnie Kyle, Kady Tanner, Mark Bryant, and Frank Daniel with scores ranging 
from 45-64 (Table 4.1).  Of these six, four (Kristen Ingall, Kelly Hendrick, Bonnie Kyle, and 
Mark Bryant) also scored highest with a score of 33 on the final IP 4 and all six were among the 
highest scoring PSTs throughout the year.   
As one might expect, over the course of the year, certain characteristics emerged in these 
PSTs’ planning.  Specifically, high scoring PSTs created detailed Learning and Performance 
Goals.  Their tasks as designed were high demand where students create artifacts around which 
the discussion is based.  In their lesson plans, they anticipated students’ correct and incorrect 
thinking.  In addition, they created a monitoring tool and planned questions to elicit students’ 
thinking as well as to make connections between students’ ideas and disciplinary ideas.  These 
PSTs also clearly planned for selecting and sequencing students’ ideas and/or work.  They also 
planned for marking and charting students’ ideas during the discussion.  By identifying features 
of high performing PSTs on Instructional Performance 4, which occurred post-intervention, it 
was possible to identify the extent to which these PSTs’ used the Five Practices Model in 
planning.  What follows is a detailed analysis of the interviewed PSTs and their use of the Five 
Practices model in their planning.   
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(a) Kristen Ingall 
For Instructional Performance 4, Kristen, a chemistry intern in an urban public school, designed 
“The Mole Task,” a task adapted from the school’s curriculum where students determine the 
number of moles in an unknown substance.  During her interview, when asked, “What 
curriculum resources did you use when designing this task?” Kristen explained that she 
recognized the need to adapt the task provided in the curriculum in order to make it more 
appropriate for a Five Practices discussion. 
My, um… the curriculum has this mole lab, right?  That’s in there that they… 
give us.  Um with no directions.  And it wasn’t formatted really well… um, and it 
was just like, “Do the mole lab.”  Okay.  so I had that mole lab, and from… that – 
I mean, I had all these lists of, how many whatevers – how many molecules in a 
sugar cube, how many this or this?  So I changed some of them to be more 
practical, um, ‘cause I wasn’t gonna go find, like, a liver or something. 
Her students answered the question, “How many moles of aluminum are in a can of soda?”  She 
instructed the students to record their protocol to answer the question and their conclusions.  This 
task was an experimentation task where students developed their own protocol and made 
decisions about what data to collect and how to collect that data.  Kristen planned specific 
learning goals and performance goals for the lesson (Table 4.2). 
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Table 4.2: Kristen Ingall's learning goals and performance goals for instructional performance 4 
Learning Goals 
To convert between two different units of measurement, a conversion 
factor is needed.  When working with moles, this conversion factor is 1 
mole = 6.022 X 1023 .    
The molar mass of a compound is calculated by totaling the number of 
grams of each element contained in one mole of the compound.   
Performance Goals 
Given a sample of an element or compound, students will be able to 
collect the necessary data and calculate the number of moles contained in 
that sample with 70% accuracy.   
Given the number of moles of an element or compound, students will be 
able to calculate the number or atoms contained in that sample with 85% 
accuracy.   
Using their knowledge of gathering data, students will be able to 
determine the ordered steps in a procedure to calculate the number of 
moles, atoms, or molecules in a designated sample with 80% accuracy.  
Kristen anticipated students’ correct and incorrect thinking in her planning for this task in 
detail.  First, she anticipated the ways in which students might correctly answer questions she 
planned to ask during the task and how she would support students who were struggling. 
What do you need to find in order to calculate the number of moles of a 
substance?  I expect students to tell me that they need to have either the mass of 
the substance or the number of atoms in order to calculate the number of moles.  I 
will push them to think about what is practical in this situation (i.e., can they 
count the number of atoms?).  They should realize that they need to first find the 
mass of their sample before they can do any calculations about how many moles 
or atoms they have.  If they are having trouble coming up with an answer to my 
question, I will encourage them to consult their mole conversion roadmap.  
In addition, Kristen provided an example of an ideal poster she expected students to create 
(Figure 4.2).  Kristen clearly identified the protocol, data, analysis, and conclusions she 
expected.  From here, she designed a detailed monitoring tool based on organizing trends for 
their artifacts with specific questions for each group to push the students’ thinking forward 
(Appendix F.1). 
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Figure 4.2: Kristen Ingall's anticipation of students' correct artifact for the Mole Task 
While Kristen did not explicitly select or sequence in her lesson planning for this lesson, 
when asked during the interview, “If you would look through your lesson plan, how did you plan 
for sequencing, selecting, and connecting?”  Kristen explained her rationale for not providing as 
much detail for selecting and sequencing. 
Um, yeah so I arranged these, um, kind of in order of strength.  I didn’t have a 
lot of groups.  I had, um… had a lot of students absent, which is why I only 
ended up with, what?  ten students?  And so I – I used all of my groups.  So 
selecting, I guess, not so much; but sequencing for sure.  Um, and I started with 
groups that had done something right, like to start off with, they had done a 
couple things right and kind of progressively got to students who did more 
things right. 
In terms of planning for the discussion itself, Kristen planned for a variety of questions 
throughout her lesson plan for “The Mole Task” and the subsequent discussion.  She planned 
questions to elicit students’ thinking and push students’ thinking forward in the monitoring tool 
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in Appendix F.1.  In planning for the discussion, she provided an outline detailing what she 
would say and the particular order in which she would progress in the discussion, she wrote, 
“Using the monitoring tool, keep track of the groups in the order that they will participate in the 
discussion.”  While her storyline for the discussion in this lesson plan was not as detailed as 
previous Instructional Performances, she indicated questions she planned to ask students during 
the discussion. 
Also, there will be several questions that I will want to ask groups to start them 
thinking about and/or discussing the phenomenon they are seeing.   
• What does the atomic mass on the periodic table represent? I expect students
to tell me that the atomic mass indicates the mass of one atom of the element
(in amu) and/or one mole of the element (in grams). It is important for
students to understand the difference between these two quantities as students
are often confused by the difference between atoms and moles.
• What do you need to find in order to calculate the number of moles of a
substance? I expect students to tell me that they need to have either the mass
of the substance or the number of atoms in order to calculate the number of
moles. I will push them to think about what is practical in this situation (i.e.
can they count the number of atoms?). They should realize that they need to
first find the mass of their sample before they can do any calculations about
how many moles or atoms they have. If they are having trouble coming up
with an answer to my question, I will encourage them to consult their mole
conversion roadmap.
• How did you decide what conversion factor you needed to use when
converting into atoms? I expect students to tell me that they knew that one
mole equals 6.022 x 1023 atoms (this is the conversion factor) from class over
the past couple of days. They should then tell me that they multiplied the
number of moles of their substance by 6.022 x 1023 to calculate the number of
atoms. They should also show all of their work and use the “train-track”
method. Another good check for understanding here is to make sure they
multiplied by 6.022 x 1023 instead of dividing. Students tend to initially be
very confused when working with these types of calculations.
One sees from this excerpt that Kristen had a definite plan for the discussion and what ideas she 
hoped to emerge, and clearly indicated with which group she wanted to begin following the order 
in her monitoring tool.  In addition, she clearly indicated her plans to chart and mark student 
thinking by stating that she would “chart important ideas on the blackboard with sections for 
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each of the sections that should be expected on each group’s poster.”  Using her anticipation 
poster (Figure 4.2) as a guide, she generated her marking tool capturing students’ ideas during 
the discussion.   
The detail with which Kristen planned for Instructional Performance 4 and throughout the 
year, as evident in her high scores (see Figure 4.1 and Table 4.1) demonstrated her high 
pedagogical design capacity for planning task-based science discussions.   When asked, “You 
have a lot of detail in terms of planning for the Five Practices. I’m wondering what prompted 
you to write your lesson plans in this way and to plan this way for the discussion.”  Kristen 
responded.  
The day we did it in class, because my group had super planned, do you know 
what I mean? We wrote like, I didn’t. This was not my idea. But one of my group 
mates was like, “We should write out a whole script.” I was like, “Wow, that 
sounds like a lot of work, okay.”  But having written all that script it kind of 
showed like the flow. I really wanted that flow to be in this discussion. I knew 
that it was a Wednesday and they are always tough at my school because of 
advisory days.      
So, from the beginning, this, like, I – I guess I got lucky with that very first one. 
Like, I had really intense planning, ‘cause I knew my mentor wasn’t gonna be 
there, it was gonna be really stressful, and I, like, planned the whole thing – and it 
worked.  So then every time I have to do one of these lessons I just kind of… plan 
the same way, because it worked.  It was one of those “if it ain’t broke, don’t fix 
it”, you know?  It – it relieves a lot of stress.  Um, ‘cause I think otherwise this 
student-led discussion this could be a little stressful.  But when – when I need the 
students to do a lot of talking or the students to do a lot of thinking or the students 
to do a lot of something, I tend to write more.  Um, ‘cause then I’m like, “Okay 
well if they say this, I’m gonna say this.  And they might say this, they might do 
this, they might –” so the more that I kind of let control go, I write more about it.   
Kristen explained a key characteristic of a PST’s planning for a Five Practices discussion. 
Preparation and detailed planning most likely led to a successful class discussion lesson.  At the 
very least, Kristen felt prepared and believed the lesson was more successful because of her 
planning.  As a result, she continued to plan with similar detail throughout the year.  This idea of 
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the importance of success continued to emerge throughout the interviews for PSTs regardless of 
scores.   
(b) Kelly Hendrick 
Kelly Hendrick was another PST who planned in great detail consistently throughout the year 
and demonstrated high PDC.  Kelly interned teaching biology in a suburban high school using 
block scheduling.  She was the only PST in the cohort teaching on a semester schedule where she 
had the opportunity to teach the same class twice (fall and spring).  In doing so, Kelly had the 
opportunity to teach her first Instructional Performance again for Instructional Performance 4. 
Kelly scored a 31 out of 33 on IP 1 and a 33 out of 33 on IP 4, improving her score and planning 
slightly between the two lessons, while consistently demonstrating high PDC throughout the 
year.   
In Kelly’s task, “The Mitosis Task,” students created a graphical representation of data in 
order to answer the question, “Where do cells spend most of their time?”  In order to answer this 
question, students studied and analyzed images of microscope slides to generate their 
representations and conclusions.  Similar to Kristen, Kelly also planned specific learning goals 
and performance goals (Table 4.3).   This particular task Kelly created herself.  When asked, 
“Where did you get the idea for this task?”  Kelly responded that it was something she designed 
herself after consulting with her mentor and supervisor.     
The idea for the task really kind of just came out of nowhere. I just had this kind 
of crazy idea. I went to my mentor, I went to my supervisor, and I went to several 
other people saying, is this totally nuts. How do I do this so that it makes sense for 
the students and isn’t too overwhelming. 
Kelly also anticipated students’ correct and incorrect thinking including the ways in 
which she planned to support students’ thinking under each circumstance.  
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o I anticipate that several groups will make a bar graph with each phase
given being a different bar.
 This approach does work and shows the data, but it perhaps might
not be the best to answer the question.
 Ask the students why they think this design best shows the answer
to the question?
 What information does a bar graph provide that helps to answer the
question?
o I also anticipate groups will try making a scatterplot with the data.
 This method is really hard to get across the idea of where cells are
spending their time.
 If students begin with dots (not connected), will ask students about
the dots because when we connect the dots into a line a graph it
shows that there is some sort of relationship happening between
the points.
• First ask what does connecting the dots into a line mean
and then ask if they plan on connecting the dots.
• What does connecting the dots help other students in the
classroom see?
 If they already have connected lines ask them why they connected
the data – is one point related to another?
 It is also possible that a group may create a line of best fit for the
data, question them about how that line helps to answer the
question.
• What type of information does a line of best fit provide for
the audience?
o I hope that a group creates a pie chart and manipulates the data to create a
percent of time that cells are in each phase.
 This may not occur (although I put calculators on the stations to
get them thinking about manipulating data).
 If it doesn’t occur, I will guide a group to this decision (or will
stack the deck with slides that I made previously).
• Besides just using the numbers that you were given, is there
a way to alter the numbers to create a representation that
truly show the percent of time a cell spends in each phase?
• Use the word percent only with this group to get them
thinking about math.
 If a group already makes a pie chart question them about how they
came up with the idea to make this chart.
• Ask them how they are calculating the sections of the pie to
make sure they would be able to explain it to the class if
called upon.
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As one can see, Kelly was very thorough in her anticipating.  She discussed the type of 
representations students might make as well as how she planned to support students if 
misconceptions and/or questions arose.    
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Table 4.3: Kelly Hendrick's learning goals and performance goals for instructional performance 4 
Learning Goals 
When representing data, there are multiple ways to graph the 
collected data, including scatterplot, bar graph, line graph and pie 
chart to answer the proposed question. 
A percentage refers to parts per hundred and can be used to express 
the part of a whole 
The cell cycle includes interphase where DNA is replicated (S 
phase), mitosis and cytokinesis. Mitosis consists of the stages, 
prophase, metaphase, anaphase and telophase. 
a. Important characteristics of prophase are nuclear
membrane breakdown, appearance of chromosomes
and centrioles migrate.
b. Important characteristic of metaphase is that
chromosomes align on the equatorial plane.
c. Important characteristic of anaphase is that
chromatids move to opposite ends of the cell.
d. Important characteristic of telophase is that the
chromosomes stop moving and the nuclear
membrane reforms.
In cells that divide often, like root tip cells and skin cells, the cells 
spend the majority of time in the phases of mitosis. 
In cells that divide less frequently, like older cells and brain cells in 
adults, cells spend the majority of their time in interphase. 
Performance Goals 
Given a data set, students will be able to create a graphical 
representation of that data.  
When presented with the class options of representations, the 
students will be able to correctly decide the best model to represent 
the question, “Where do cells spend most of their time?” 
Given a paper version of a slide containing cells in various phases, 
students will be able to correctly identify which stage the cell is in 
90% of the time. 
With a group consensus on the best representation type, students 
will be able to create a graphic representation of the data they 
collected. 
After group presentations, students will be able to identify the two 
main patterns of where cells spend most of their time. 
Given instruction by a peer, students will be able to correctly 
calculate five different percentages to use in their final 
representation. 
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Because IP 4 was the second time Kelly taught this lesson, she had the opportunity to 
revise her planning and instructional materials.  She described this in her lesson plan regarding 
her monitoring tool (Figure 4.3).  
• I am trying a new type of monitoring tool.
• Each large box represents the lab stations that students will be at – the large
boxes are divided into two sections representing each one of the two activities.
o I will look for what type of graph they made and if they did any type
of math processes to alter their numbers.
 If possible, jot down some important graph features for some
graphs to mention to the class.
• Graph features would include things like a title, key,
labeled axis, color-coding, etc.
• If students don’t include any of these things, prompt
them to think about if they were reading this in their
book, does it contain all of the information they would
need to be able to understand what it was showing.
Kelly was unsatisfied with her initial monitoring tool (IP 1) and created a different tool that was 
more functional and useful for her, but still addressed the features and learning goals of the 
lesson.  She explained during her second interview, “It was generally the same except I changed 
my monitor – monitoring tool, which was, like, this one was far beyond much better than the 
other one.” 
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Figure 4.3: Kelly Hendrick's monitoring tool for Instructional Performance 4 
Another feature of Kelly’s planning that demonstrated high PDC was her planning for 
selecting and sequencing.  She detailed her plans explicitly in her writing describing the order of 
the anticipated representations.   
• Sequencing – when possible group students with like representations together.
I will use the slide about important representation elements to mark important
things that students say.
o Even when there are like representations, use monitoring tool to note if
certain groups used titles or axes or keys etc. and can point those out
as important aspects.
o Do NOT go in order with the pie chart being last.
 Perhaps, bar graph  pie chart  line graph  any other
types of representations!
 Unlike the last time, I don’t want it to be obvious that the pie
chart is the best because it’s last, so I will go in a different
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order to really elicit students’ ideas about the best 
representation. 
It is clear that Kelly’s anticipating aided her in selecting and sequencing the representations that 
emerged during the discussion.  When asked, “Why did you plan selecting and sequencing in this 
way?”  Kelly had a clear understanding of what planning in this detail did for her as a teacher: 
Because it is an important part of getting the conversation to go where you 
want to go, without realizing it is where you’ve been wanting to go. That’s 
how I kind of use sequencing. So in order for the kids to think that they 
are in control, I have to have some idea of where I am going to go with it.   
This feature of detailed anticipating and detailed sequencing as well as the demonstrated 
understanding of the usefulness of such detailed preparation was a characteristic that emerged in 
all the PSTs demonstrating high PDC (see Table 4.11).  
In addition, when planning for the discussion, Kelly planned questions to elicit students’ 
thinking, support students in making connections between each other’s ideas, as well as 
questions to support students in making a connection between their ideas and the disciplinary 
ideas.  For example, 
o Questions to ask each group:
 Please explain how you decided to use this method and any key
features of your graph that you would like to point out.
o Transition between groups with same type of graph.
 Did you have any additional reasons why you used this type of
graph? Is there anything that is different about your graph (this
would be a point to note special graph things like title, etc.)?
o Transition between groups with different graphs.
 How does your graph compare to the one that was just presented.
• Could you explain why you chose to make this type of
graph?
 Which type of representation that you saw do you think best
represents the answer to the question we are asking?
• If they seem to be having trouble – attempt to go the
opposite direction and eliminate answers that they don’t
think represent it well and see what we are left with.
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Finally, Kelly clearly indicated when and how she would mark and chart students’ ideas. 
She included a PowerPoint slide indicating how she would record the information with notes 
regarding how she would complete the chart (Figure 4.4). 
o Go back to the class after each main type has presented to see what the
class thinks about the representations.
 This will be the point to record important graph information – let
students know that I am going to take notes on the board and that I
will give them time at the end to jot down the important
information.
 Cells in Bones and Connective Tissue of adults.
 Muscle Cells and Nervous System Cells (after birth).
 Cells lining the digestive system.
 Root Tip Cells and Living Layer of Skin Cells.
Figure 4.4: Kelly Hendrick's chart created to record students' ideas during discussion 
(c) Bonnie Kyle 
Bonnie Kyle was a biology intern teaching biology and chemistry in an urban charter school. 
She consistently demonstrated high PDC for planning task-based discussion lessons throughout 
the school year.  Because she scored some of the highest scores on Instructional Performances 1 
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and 2, I chose to interview her.  Like Kristen and Kelly, she also scored a 33 out of 33 on 
Instructional Performance 4.  Bonnie’s planning was consistent with that of other PSTs 
demonstrating high PDC.  I detail her planning for IP 4 below.   
This particular task was a chemistry task Bonnie taught in one of her classes.  Bonnie 
acknowledged that this lesson differs from her other biology Instructional Performances and one 
that she created. She explained, “Um that was one that I created on my own.  It was actually 
from my chemistry class.  So it was a different class from all my other Five Practices.”  For this, 
“Characteristics of Reactions” task, students identified patterns of particular chemical reactions 
based on experimental data they acquired the previous day.  In her plan, the learning goals and 
performance goals were specific for this particular task (Table 4.4). 
Table 4.4: Bonnie Kyle's learning goals and performance goals for instructional performance 4 
Learning Goals 
Types of reactions share common characteristics, qualities, and patterns. 
Many chemical reactions can be classified as one of five different types 
of reactions - single displacement, double displacement, synthesis, 
decomposition, and combustion. 
Performance Goals 
Given types of reactions with example equations, SWBAT develop a list 
of characteristics (at least 2 per reaction type) that correctly distinguish 
between types of reactions. 
Given descriptive data with chemical equations, a list of the types of 
chemical reactions, and self-identified patterns within reaction sets, 
SWBAT match the equations with the correct type of reaction with 80% 
accuracy. 
In terms of anticipating, Bonnie clearly specified her anticipations in her lesson planning. 
Some of Bonnie’s anticipations were not as detailed as Kristen’s or Kelly’s.  In fact, some are 
very general, only indicating what students might find easy or with what they might struggle. 
Bonnie’s anticipations were; however, more detailed than the other PSTs who scored medium or 
low.  Bonnie’s anticipation was as follows: 
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• I anticipate that the identification of patterns will initially be difficult for
students; however, once they have identified 1-2 patterns, I think it will be
easier. If after about 1 minute of work time it looks like groups are
struggling, I will pull the class back together and model and example pattern.
E.g. I notice water is always a product in reaction set 5.
• Students may also struggle with polyatomic ion examples. I will remind
students that just like we did when we first looked at ions, it is helpful to treat
the polyatomic ion as a single unit that stays together.
• I expect students will find it easiest to identify patterns in synthesis and
decomposition reactions.
• I also anticipate that students with single and double replacement will
struggle identifying patterns. I will prompt them to use arrow to show how
elements are moving around. And to think about what types of elements are
usually involved (i.e. metals).
• The combustion reaction many be difficult to describe patterns, but I will
encourage students to look back at their observations from yesterday’s lab to
see that in this type of reaction, something was burned.
Furthermore, Bonnie’s planning for monitoring was as detailed as Kelly’s and Kristen’s.  
She designed a monitoring tool (Appendix F.2) and specific questions to ask students to elicit 
their thinking during their group work.  In addition, she indicated that she planned “question 
cards,” or hint cards, to support students as they worked in groups; a notable instructional 
design strategy that helps the PST scaffold students’ work.  
During monitoring, I can ask the following questions to probe for patterns and 
student thinking. I have created question cards for the questions that I think I will 
use most frequently. 
- How are the bonds changing? 
- Where are bonds broken? Where are they formed? 
- How is the number of compounds or elements changing from one side of the 
equation to the other (increasing, decreasing, the same)? 
- What did you notice about the types of elements that are involved in this 
reaction set? 
- Look at your observations from yesterday to see if they can help you name the 
reaction. 
- Try drawing arrows to show how the reactants move around. 
- What other patterns do you notice?  
Bonnie also clearly demarcated in her planning where she selected, sequenced, and 
connected, which indicated an awareness of the importance of including these in her planning. 
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Although her selecting and sequencing was not as detailed as Kelly’s or Kristen’s, she displayed 
selecting and sequencing at a higher level than other students scoring lower.  She clearly had a 
plan for the order in which intended to discuss students’ work. 
Selecting/Sequencing/Connecting 
We will discuss the reaction types in sequential order based on the way the sets 
were numbered. I deliberately labeled them in this order. I anticipate that 
synthesis and decomposition will be the easiest for students to understand because 
the two names are words that they have heard or used in context before. 
Additionally, these were some of the easier patterns to identify. 
I will start by asking one group who had reaction set one to share their patterns. 
After the first few patterns I will pause to ask if the rest of the class agrees with 
the patterns, or if they need clarification. I hope that as the discussion progresses, 
students will maintain this questioning without my direct prompt. After the first 
group finishes sharing their patterns, I will ask if there are other patterns another 
group wants to add.  
Although, Bonnie’s planning for her discussion was not as detailed as Kristen’s or 
Kelly’s, her planning did include a general outline that began in the excerpt above and 
continued with questions she wanted to ask her students during the discussion.  
Questions I can ask students to elicit their thinking include: 
- What does that word mean in other contexts? 
- How does your evidence support that choice? 
- What is a way we could represent this reaction pattern using general letters 
instead of specific elements? 
This limited planning for connecting detail speaks to several questions asked during 
interviewing discussed later, namely, a PST’s developing PDC as well as time constraints.  For 
instance, when asked, “How has your planning changed over the course of the year?”  Bonnie’s 
response indicated an awareness of value of writing lesson plans and creating plans that are 
useful and unique to her own needs, but not necessarily with great detail. 
More like, I know I need to talk about these three bullet points.  The exact 
phrasing, or whatever that I use, is less important than that they get these ideas.  
I’ve also started to focus a lot more on looking for, like, the ideas or the 
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underlying misconceptions, or underlying thought processes behind student 
thinking, instead of looking for specific responses. 
Finally, similar to Kristen and Kelly, Bonnie had a clear plan for marking and charting 
students’ ideas and important disciplinary ideas during the discussion.  In her planning, she 
included a table with these important ideas (Figure 4.5).   
Figure 4.5: Bonnie Kyle's chart created to record students' ideas during the discussion 
Kristen Ingall, Kelly Hendrick, and Bonnie Kyle demonstrated detailed and thorough 
planning for task-based science discussion as part of their coursework.  The detail with which 
they anticipated, monitored, selected, sequenced, connected, and designed tasks was exemplary.  
Moreover, they consistently planned in this way across all four Instructional Performances, 
unique among the cohort.  What follows is a summary of PSTs’ planning when scoring medium 
and low on Instructional Performance 4.   
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4.1.1.2 Use of the Five Practices model by PSTs with medium pedagogical design capacity 
PSTs demonstrating what I defined as a medium PDC, total scores between 23 and 39 after IP 1 
and IP 2, were capable of planning challenging tasks where students engage in a whole class 
discussion.  However, their planning was not as detailed as PSTs scoring high, which made 
analyzing their planning difficult.  Although many of the PSTs interviewed indicated that they 
thought about certain aspects of planning a Five Practices discussion, they did not include their 
thoughts in the written documents.  Nancy Hall, Calvin Cary, Dana Nacey, Scott Xander, and 
Mary Wilson scored between 16 and 30 on Instructional Performance 4.  This group had the 
most variability between Instructional Performance 1 and 4 scores (Table 4.1).  However, there 
were unique features in their planning by the end of the year.  Specifically, their tasks as 
designed were generally challenging with IP 4 tasks scoring a 10 on the HLTR.  Their 
anticipating was less detailed than their higher scoring cohort members and typically only 
addressed correct thinking.  They created a monitoring tool, but it was often only functional for 
the PST and not designed with specific anticipations in mind.  Generally, medium-scoring PSTs 
planned minimally for selecting and sequencing.  Finally, there were no plans for marking and/or 
charting students’ ideas during the discussion.  I selected Nancy Hall, Calvin Cary, and Scott 
Xander for interviews based on the criteria described in Chapter Three.  What follows is a 
summary of their planning related to these common features. 
(a) Nancy Hall 
Nancy was a biology intern teaching in an urban middle school.  Her lesson planning was more 
detailed than other PSTs in the medium PDC group.  For IP 4, she designed the “Genetics Task” 
herself.  She asked students to develop an explanation that describes how traits are inherited.  
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This task scored a 10 out of 10 on the HLTR, which included specific learning and performance 
goals (Table 4.5). 
Table 4.5: Nancy Hall's learning and performance goals for instructional performance 4 
Learning Goals 
The phenotype of an organism (what its outward traits are) is linked to 
its genotype (the contents of its genome). 
Mendelian patterns of inheritance can be explained by the manner in 
which dominant and recessive versions of traits (alleles) are inherited 
from parents via chromosomes. 
Performance Goals 
Students will work cooperatively in small groups to create a 
presentation that attempts to explain the connection between 
phenotype and genotype that incorporates Mendel's ratios, Punnett 
squares, and chromosomal inheritance from both parents. 
Nancy’s anticipations were very general.  They focused on where she felt students might 
struggle.  She did not include possible explanations students might create, or incorrect and 
correct thinking.  
I think that students may be somewhat intimidated by this task, which is why I 
gave them the start of a model of what I am asking for on the back of the sheet.  I 
am not sure if students will have questions at this point.  I think that they may find 
this task difficult so I anticipate a bit of push back.  I am hoping that my 
monitoring and questioning will boost students' confidence and push them in 
productive directions while working.  I also want to push them to use the 
materials that they have gathered over the course of the week, because these will 
help them complete the task.  
Nancy’s planning for monitoring was characteristic of PSTs demonstrating medium 
PDC.  She included a detailed monitoring tool (Appendix F.3).  However, a tool was the extent 
of monitoring in her planning.  She did not include questions to elicit students’ thinking as they 
worked on the task.  Including a detailed monitoring tool focused on features demonstrated 
high PDC for planning task-based discussions, but her lack of planned questions and/or ways 
to support students’ thinking was minimal.  Although Nancy created a tool more detailed than 
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other PSTs scoring similar or lower, she expressed difficulty utilizing the monitoring tool and 
having enough time to think about creating a functional tool for herself.    
And then in my monitoring tool, I sort of say which group got which reading with 
Xs.  It's so confusing though when I'm holding it.  I'm trying to both listen to what 
students are saying, which may or may not make sense to me.  Like I think that – 
like that's like a huge, huge part of monitoring is I find it really distracting to be 
simultaneously trying to listen to what students say and trying to figure out where 
I'm going to cross things off on my monitoring tool.  I haven't really like felt like I 
had a lot of time to put in the thought to really think like what is going to be a 
monitoring tool that's really going to work. 
Nancy’s comments were indicative of PSTs in this medium category.  They often described 
difficulty in finding a monitoring tool that they could use efficiently and effectively.   Nancy 
was very explicit in her selecting and sequencing, which was also unlike other PSTs scoring 
similarly (Appendix G).  Furthermore, she detailed the order in which she planned to have the 
groups present and described the rationalization for her choices.   Even though she planned in a 
little more detail in her selecting and sequencing, I chose to interview Nancy because she was 
the single PST teaching in an urban middle school setting.  
Finally, Nancy did not indicate clear plans for marking or charting of students’ ideas.  
Because her planning was very detailed compared with other PSTs scoring in this category, it is 
clear that she has the potential to develop high PDC for planning task-based discussion 
questions, but faced challenges.  During her interview, she described that her planning was not as 
detailed as in previous lessons because of time constraints.  
I like hate to say this, but I feel like in some ways my planning has like backslid a 
little bit.  I mean I – in that just like I mean things are crazy a bit or whatever with 
everyone graduating a little bit. If you're going to learn this through an inquiry 
method, you are probably going to need more time than what I allotted. 
129 
(b) Calvin Cary 
Calvin was a physics intern in a suburban high school.  Calvin’s planning was also indicative 
others scoring in this medium range.  For the “Kepler’s Law Task,” students answered the 
question, “What is the relationship between the orbital radius (semi-major axis) and the period of 
an orbiting body?”  Using various data and computer programs, Calvin designed this task where 
students generated representations explaining this relationship.  Calvin’s learning goals and 
performance goals were specific and detailed (Table 4.6).  
Table 4.6: Calvin Cary's learning and performance goals for instructional performance 4 
Learning Goals 
Mathematical models can often be developed by looking at trends in 
data and fitting a general equation to the values. 
The square of the period of an orbiting body is proportional to the 
cube of the semi-major axis of the orbit divided by the mass of the 
system. 
Performance Goals 
SWBAT analyze data to determine trends and develop mathematical 
models to describe them. 
SWBAT determine if a mathematical model holds up against other 
empirical evidence. 
SWBAT use Kepler’s third law to solve for missing orbital parameters 
in a system. 
Calvin’s anticipations were very general.  He named some representations students might 
create and how students might approach the task, but he did not provide clear detail regarding 
what students’ correct thinking would be.  Calvin’s anticipations differ from a PST 
demonstrating high PDC because he did not include specific challenges or misconceptions his 
students might have.     
Once this thinking time is completed, I expect many groups to attempt to plot the 
data points in a scatter plot.  They can do this on the computers using the 
LoggerPro software that we have available.  Some students may ask for Excel, 
which we may have but if we don’t, I’ll ask them what they want to use it for and 
then point them to Logger Pro. 
Another potential strategy students may use is to just look for general trends to 
begin with.  The only one they should see is that with an increase in orbital radius 
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the period goes up as well.  All other general trends move both up and down 
which does not make much sense when thinking about how this would work.  In 
the end, students should find that the Period squared is proportional to the radius 
cubed.  Students may come to this by finding that the period is proportional to the 
radius to the 1.5 power [sic].    
Additionally, Calvin’s planning for monitoring was minimal.  He included a statement 
that indicated his plans to monitor, indicating his awareness of the practice, but failed to include 
a monitoring tool or questions he planned to ask to elicit student thinking, “During the lesson, I 
will be monitoring students and noting the methods they take to create their claims.”  During his 
interview, when asked about a monitoring tool and planning for monitoring, Calvin described 
using a seating chart because it was the best functionally for him.  However, he did not include 
this seating chart or any other monitoring tool in his artifact packet nor did he articulate why the 
tool was not included when questioned.  He only said, “Um, the monitoring tools, and things to 
add, stuff like that.  And I really liked having kind of like a spread out – seating chart.” 
Calvin’s planning for the discussion and connecting was minimal in this lesson plan.  
Beyond listing topics he hoped to discuss, he failed to include specific questions he might ask 
students to support them in making connections between each other’s ideas or connections to the 
disciplinary ideas, or how he planned to mark and/or chart the emerging ideas of the discussion. 
Once students get to the spot where they have developed the relationship, and put 
their representations on the boards, we will have a small discussion about what 
they have done.  I expect some groups will put up their graphs of the data as well 
as the equations they came up with.  It is possible that some groups may have 
used a sixth order polynomial to fit their data which while it would fit the solar 
system, it will receive critical feedback from the class.  I’ll want the students to 
talk about their methods and how they went about solving for their relationship. 
As a class, we should arrive at the proper relationship, which will allow us to 
move on within the lesson.  I will tell the class that this is where I got to at Penn 
State but I couldn’t get beyond this.  [10-20 mins] (this is where the class break 
happens). 
Topics I expect to see in the discussion are how students went about creating a 
graph, how they selected which parameter(s) to look at, how they established 
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trends, error analysis (maybe), and correcting potential differences between the 
groups. 
During the interview, I asked Calvin about his planning for the discussion.  He explained that he 
“thought about right or wrong” and various scenarios that might happen, but he was not explicit 
about those thought processes in his planning, which was common for many PSTs.   
So, yeah.  I thought about a whole bunch of stuff in there.  That was different 
‘cause I, I think normally I do like maybe one – like did they get it right – or did 
they get it wrong, or where can you go from there.  But, this one I thought about 
right or wrong, and like a bunch of different scenarios that could happen – 
depending on how they thought – right or wrong. 
Oh, there was, um – in this one I have, I have this like five-way road map going 
on.  Um, so depending on – so once they get to – they have a trend they’re notice 
[Clear throat] and they fit some – so, originally like they should have fit some 
data trend, data line – 
(c) Scott Xander 
The final PST interviewed demonstrating medium PDC was a physics intern teaching in an urban 
high school.  His “Two Dimensional Collisions Task” asked students to answer the question, 
“How conservation of momentum applies to two dimensional collisions?”  Using a computer 
simulation, students generated an answer to this question.  Scott explained that this is a task that 
he co-designed with his mentor and was not a part of the school’s curriculum.   
So the task that I had them do for that was a – was a two-dimensional collision 
simulation.  Um, it was a PhET simulation and, um, my mentor was more 
involved with that one – at least – at least with setting up the ov-, helping me set 
up the overall structure and, um, seeing some of the things that we wanted to 
emerge from that.   
The learning goals and performance goals for this lesson are in Table 4.7.  While the first 
learning goal did not seem to include the necessary detail for this task, the final two were 
more specific and detailed.     
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Table 4.7: Scott Xander’s learning goals and performance goals for instructional performance 4 
Learning Goals 
Momentum is a vector. 
Momentum is conserved even when colliding object move at an angle 
to one another.  
To analyze momentum for angular directions we use vector techniques 
discussed in prior units. 
Performance Goals Students will be able to use ideas of conservation of momentum to solve problems involving collisions, explosion, etc. 
Scott did not anticipate in his lesson planning and further described some issues that 
occurred during the lesson because of his lack of anticipation.   He explained in the excerpt 
below that he did not anticipate the unnecessary challenges that students might face with the 
computer simulation, and therefore did not make appropriate accommodations in his planning. 
While this recognition upon reflection of when to minimize challenges like these is a key feature 
of a PST demonstrating high PDC, Scott’s failure to do so initially in his planning produced a 
lesson that did not go as smoothly as he planned.  
Well, just – so number one, the worksheet that I had them going through –um, I 
don’t know.  They were – they were bored by it [laughs] and it was – and, um, a 
lot – a lot of the things ended up - there were some technology problems.  They 
weren’t – they weren’t huge.  Yeah, so scaffolding is the big thing there. And they 
were so distracted by the unnecessary challenges.  So I know now at least if I 
were to use that simulation again, to give them. 
Although Scott did not explicitly monitoring or select and sequence in his lesson, it was 
clear that he and his mentor put thought into how students’ ideas should emerge.  When asked 
about selecting and sequencing in this lesson, Scott replies: 
Um, yeah, where is – I might not – I might not – I submitted my – no, I had to 
have submitted my other lesson plan.  Um.  Hm.  Yeah, there’s – well, yeah, 
either way.  Um, yeah, there was a lot of sequencing.  Me and my mentor teacher 
laid them out on the floor and talked about which ones we wanted to go through 
first.   
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From Scott’s response, it was evident that he thought about or even planned using parts of the 
Five Practices, but did not include it in his artifact packet.   
Finally, for the discussion, Scott planned a detailed outline of the questions he planned 
to elicit students’ thinking and to support them in making connections.  The excerpt below is 
from Scott’s discussion outline.   He clearly planned to support students in making comparisons 
between each other’s solutions as well as the law of conservation of momentum.  
• I want us to look critically at classmates’ solutions. You should always be
thinking….does this physical situation make sense? [in terms of both
numbers and pictures]
• I want you to see if you can think of ways to not only solve this problem,
but also if you can abstract from what we see in this problem to find
general solution paths for all two dimensional problems.
• What direction do you think the cars should move in after the collision?
o Northeast.
o It is good to get an intuitive understanding of what the after
situation will probably look like. 
o Why do you guys think that the car will move to the northeast?
 Should arrive at the one car has northward momentum. The
other has eastward momentum. When they combine, their
momentum combines.
o Show other situations: southward and eastward moving cars. Predict
outcomes. 
• We know they have some momentum in the northeast direction?
o How northeast is it?
When asked about planning for connecting, Scott explained that because he had extra time to 
plan in detail, he could clearly think about the types of questions he could ask as well as how he 
wanted those ideas to emerge.    
I just knew the types of things that I wanted to see come out and I just – it – it was 
– it was especially easy because I had – it – the task was on Friday and then the
discussion was on Monday.  So I had a full – not only just a night, but a – even a 
weekend to prepare for it. 
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Scott’s comment demonstrated his learning over the course of the semester.  Part of the success 
of Five Practices discussions in science involves planning the lesson over a multiple days.  Doing 
so gives the PST time to think about the discussion with the student artifacts.   
Evident in the medium scoring PSTs was a large amount of variability in planning. 
However, within this variability, their lesson plans all lacked sufficient detail for a reader to 
recognize their use of the Five Practices model.  This theme also continued in the PSTs’ planning 
who demonstrated low PDC.  What follows are summaries of the three PSTs selected for 
interviews that scored low on Instructional Performance 4.   
4.1.1.3 Use of the Five Practices model by PSTs demonstrating low pedagogical design 
capacity 
PSTs scoring low on Instructional Performance 4 had scores ranging from 5-19.  As one might 
expect, PSTs with these scores not only lacked detail in their plans, but also designed tasks that 
were not high demand tasks.  What follows are summaries of Florence Edward, Xavier Idol, and 
Nicole Timko whom I selected as interviewees.    
(a) Florence Edward 
Florence was a biology intern in a suburban high school scoring 18 out of 33.  In her task for 
Instructional Performance 4, “The Pedigree Task,” students generated the rules for pedigrees 
after examining various pedigree diagrams.  Florence modified this task from curriculum used by 
her mentor.  When asked about her design of this task, she responded, “So I modified one of the 
lessons because it wanted the students to identify the patterns based on the roles that they gave 
them.”  For this task, Florence had several learning goals and performance goals (Table 4.8). 
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The number of goals indicated that this particular lesson last for several days, which is indicated 
in her plan.  
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Table 4.8: Florence Edward's learning goals and performance goals for instructional performance 4 
Learning Goals 
• Pedigrees are diagrams that show parents and offspring in several
generations that can be used to show in which individuals certain
traits are present.
• The inheritance pattern of traits can be determined by examining a
pedigree.
• Autosomal Dominant traits can equally affect males and females, do
not skip generations, trait is present whenever the corresponding
gene is present, male-to-male transmission is possible.
• Autosomal Recessive traits can equally affect males and females,
often skip generations, only homozygous individuals have the trait,
traits may appear in offspring that are not seen in parents, if the
parent is affected offspring that are not affected are carriers.
• X-Linked Dominant traits affect all daughters of an affected male,
no male-to-male transmission; a female may or may not pass on the
gene to son or daughter.
• X-Linked Recessive traits affect males more commonly than
females, all daughters of a male who is affected are heterozygous
carriers, sons of female carriers can receive the trait 50% of the time,
no male-to-male transmission, and daughters of female carriers have
a 50% chance of being carriers.
• Human traits and disorders can be traced using pedigrees to
determine the inheritance and genotypes of individuals.
• Mitochondria have their own DNA.
• Mitochondrial disorders are always passed from mothers to all
offspring because only the female gamete provides the zygote with
organelles such as the mitochondria.
Performance Goals 
• Students will be able to label and read a pedigree, distinguishing
between male and female, affected and unaffected, offspring and
mating, and generations with complete accuracy given their reading
from the previous night, brief introduction in class, and pedigree
key.
• SWBAT work in small groups (2 or 3) to develop rules for the
inheritance of traits within a certain inheritance pattern by examining
two pedigrees showing that inheritance pattern with complete
accuracy given two examples with inheritance pattern identified, and
eliciting questions from teacher.
• SWBAT to find examples of their inheritance pattern given their text
or internet research after achieving accuracy on their rules in order to
better understand the relevance of tracing inheritance patterns in
humans.
• SWBAT share their rules for inheritance of their pattern and discuss
the overlap and differences between their inheritance pattern and
others.
• SWBAT interpret a new pedigree and correctly identify its
inheritance pattern by using the rules set out by themselves and other
groups.
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Florence’s anticipating was specifically related to her acknowledgement of student 
frustration with the task.  She did not anticipate student thinking, how students might approach 
the tasks, or the pedigree rules students could generate.  
Students will be up to the task of analyzing pedigrees; however developing their 
own rules will be difficult and potentially frustrating.  It is important that students 
are aware of certain features of (autosomal/sex-linked, recessive/dominant) from 
their punnett square work and recall this for this activity. Encourage students to 
give a “name” to the disorder if they are struggling thinking abstractly. 
Florence acknowledged in her interview that university instructors gave her feedback related to 
including more detailed anticipating in her planning.  However, it appeared that Florence was 
content with this amount of detail in her anticipating, which eludes to her pedagogical design 
capacity for planning task-based discussions.    
I was frequently told to include more anticipating what I thought students might 
do, how I thought the students might approach the task, and how being pushed to 
include how I wanted the discussion to go. 
In addition, Florence successfully created a monitoring tool in her planning (Appendix 
F.4).  She included examples of a completed monitoring tool in her artifact packet.  Her 
monitoring tool was a functional type and based on the learning goals for the lesson.  In addition 
to the tool, Florence planned three questions to ask students as they worked, “What do you notice 
about the males and females in your pedigree?  Who do you notice is passing on the trait?  Are 
traits being inherited from parents who are affected or not?” 
Finally, Florence selected and sequenced at a basic level in the outline of her discussion 
by listing the order of genetic disorders she wanted to emerge.  In the following excerpt from her 
lesson plan, one sees that Florence’s planned questions were minimal, and those that were 
planned were low-level questions (rote memorization).  She also failed to plan specific questions 
that elicited students’ thinking, supported students’ connections between each other’s ideas, and 
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supported students’ connections to disciplinary ideas.  Her minimal planning for a storyline of 
the discussion, questions, and marking/charting was characteristic of a PST demonstrating low 
PDC for planning task-based discussions.   
o Autosomal Dominant Pedigree (Huntington’s Disease).
 Student thinking: trait is inherited by most offspring, does not skip
generations, and affects males and females equally.
 Students consider any trait to be learnt as a disorder and do not
often make the connection that any trait can be dominant or
recessive.  Because of this, it may take prodding or repeated
reference to their rules to encourage them to see that the trait is
dominant.  Be sure to give examples of dominant genetic disorders
(Huntington's, Achondroplasia, etc.) to give relevance.
o X-Linked Recessive Pedigree (Hemophilia).
 Trait skips generations, affects males differently.
 Students may have trouble noticing that it is being passed from
mother to son, encourage students to look at families individually.
o Challenging pedigree (non-Mendelian).
o Mitochondrial Disorder (Leber’s hereditary optic neuropathy).
 Students will use their rules to evaluate, which apply and do not
apply to this pedigree.
 Students should notice that the inheritance is ONLY from mother
to ALL offspring.
 Ask students (if stuck) one or so of the following:
• Where else can genes exist in a cell?
• What other organelles have DNA besides the nucleus?
Recall that mitochondria and chloroplasts have DNA of their own, 
why only from mothers?  Because egg provides the majority of 
what a zygote needs, the sperm ONLY gives its haploid set of 
DNA. 
Encourage students to work through each of the inheritance 
patterns to rule out those possibilities, then agree that it does not 
follow our rules... so what could it be?   
(b) Xavier Idol 
Xavier Idol was a biology intern in an urban public school.  He repeatedly scored low on his 
instructional performances over the course of the year (Table 4.1).  His task for Instructional 
Performance 4, “Natural Selection Task,” asked students to follow a protocol and answer 
questions.  This task, as Xavier explained was, “more or less off the top of my head,” and not a 
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demanding task for students (Appendix H).  This task appeared to be a traditional activity, or 
“cookbook lab,” that often accompanies school curriculum.   Table 4.9 details his learning goals 
and performance goals for this lesson.  In examining his learning goals, one notices that they 
were not the overarching canonical ideas expected of a learning goal.  These goals were specific 
to the task/lesson itself and made no specific connection to the underlying disciplinary ideas 
behind natural selection.   
Table 4.9: Xavier Idol's learning goals and performance goals for instructional performance 4 
Learning Goals 
As generations pass, the number of white “mice” decline while the 
number of brown “mice” grow in this population. 
Different environmental factors can come into play and can have a 
great effect on the population of mice. 
• These factors are sometimes completely random.
Neither the snakes nor the hawks have a particular advantage in this 
simulation. 
Performance Goals 
Students will be able to identify trends in the data they collect from the 
mouse experiment. 
Students will be able to identify different environmental factors and 
describe the consequences of them by means of if X happens, the 
brown/white population increases/decreases. 
Students will be able to explain what it means if neither the snakes nor 
the hawks eat more mice by describing the equal number of mice 
taken in each generation. 
Interestingly, Xavier did not include any anticipation in his lesson planning.  However, 
similar to all the PSTs’ planning for Instructional Performance 4, Xavier Idol also created a 
monitoring tool (Appendix F.5).  Xavier adopted this practice during the spring semester, which 
coincided with improved lesson planning practices.  His monitoring tool appeared to be a tool 
that was functional for him.  Instead of focusing on features or disciplinary ideas in a typical 
monitoring tool, Xavier’s tool was designed based on student behavior and classroom 
management. 
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Finally, the excerpt below shows Xavier’s planning focused on what he will do and what 
students will do, more linear lesson planning.  He planned general questions that seem lower 
level.  He did not plan questions that helped students make connections between each other’s 
idea or helped to support student talk.    
Once the students successfully come to the idea that color has something to do 
with whether hawks find the mice, I am going to try to push them to tell me why 
that matters. I want them to explain how it just makes sense that mice that are 
brown blend into the forest better than mice that are bright white. I might ask 
things like: 
• Why do the brown mice survive against the hawks better than the white
mice? 
• Why does the color matter? What difference does it make?
• So if it helps them to survive, what does that mean? How does it do that?
• Do the mice choose what color they are going to be?
• Then how does this happen?
• So if it’s inherited, what does that mean about the mouse’s parents?
• What do you think happens then if this brown mouse is able to survive
better than its white friends?
• We’ve mentioned the term a few times throughout the year, but what term
applies to this concept?
• Can anyone restate the overall concept for me?
One of the big things that I want the students to see is that natural selection does 
NOT have to be complicated. The idea should already make sense in their heads. 
If something is better at surviving, it is going to have a better chance of reaching 
sexual maturity, and therefore reproducing and passing on its genes to the next 
generation.  I imagine that it is going to take a lot of redirecting and bouncing of 
ideas to get them to even mention the color of the mouse having to do with it 
being able to survive.  
During Xavier’s interviews, I wanted to capture his rationale for his planning practices.  When 
asked, “What other influences are there in your planning?”  Xavier explained.    
Yeah, okay. A lot of this stuff was things that at the time when we were doing it, 
I was very not into it. I thought that a lot of it was just like kind of busy work, 
that it wasn’t really beneficial. I still feel that way about some of the things, but a 
lot of it after doing things for a while; I started to think back.  I was like actually 
that kind of does makes sense now that it ties in with this. It has just taken a lot 
to actually get to that point. Because, I don't know, I always feel that like 
because I’m a little bit older, a lot of the times I always think like this is not 
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beneficial to me. I’m like, I’m 26, and I don't need to know this right now. This 
doesn’t matter. 
His response was uncharacteristic of other PSTs interviewed.  But, his candor forces teacher 
educators to examine the ways in which they present content and pedagogy and how it is 
grounded in practice for future teachers.    
(c) Nicole Timko 
Nicole Timko was another biology intern teaching at an urban public school.  She admittedly 
struggled throughout the year in her planning.  For Instructional Performance 4, Nicole used 
“The Mitosis Task” created by Kelly Hendrick.   
I used some resources from one of my colleagues.  Um, it was a lesson that she 
had done previously on mitosis, and I thought that it would be helpful for my 
students.  
Because Nicole used Kelly’s task, her learning goals and performance goals were similar (Table 
4.10).   With access to a detailed lesson plan and instructional materials, it was interesting to 
examine the ways in which Nicole used and adapted these materials.  In many ways, her 
adaptations and planning demonstrated low PDC.  For example, Kelly’s detailed anticipation 
described previously was not evident in Nicole’s planning.  Instead, she detailed misconceptions 
students might have and problems students might encounter during the task.   
Misconceptions: 
• Chromosomes do not occur in all types of cells.
• Chromosomes are divided up at each cell division, such that when a single
body cell forms two body cells, the resulting cell contains fewer
chromosomes than the original cell.
o Cells are smaller than chromosomes.
o Not all types of cells contain DNA molecules.
Anticipated problems: Picture F and Picture D 
o Picture F is an example of a cell with two nuclei. This cell is in
interphase. It is possible that the cell failed to complete cytokinesis 
and has now joined back together or two cells have formed together. 
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• Picture D is an example of prophase. The circle in this picture is the nuclei
not the whole cell. In the nucleus, we can see that the DNA has been
supercoiled into chromosomes. The chromosomes are now visible.
Table 4.10: Nicole Timko's learning goals and performance goals for instructional performance 4 
Learning Goals 
Interphase occurs before cell division. During interphase, the cell 
grows and prepares for cell division by replicating its DNA. Cells 
spend most of their time in this phase.  
• Following interphase, the cell proceeds through the process of
cell division: Prophase, Metaphase, Anaphase, Telophase, and 
Cytokinesis.  
• The first phase of mitosis is prophase. In prophase, the genetic
material inside of the nucleus condenses and the duplicated 
chromosomes become visible. Outside the nucleus, the spindle 
starts to form. 
• The second phase of mitosis is metaphase. During metaphase,
the centromeres of the duplicated chromosomes line up across 
the center of the cell. Spindle fibers connect the centromere of 
each chromosome to the two poles of the spindle.  
• The third phase of mitosis is anaphase. During anaphase, the
chromosomes separate and move along spindle fibers to 
opposite ends of the cell.  
• The last phase of mitosis is telophase. During telophase,
chromosomes gather at opposite ends of the poles and a 
nuclear envelope begins to reform around each cluster. The 
spindle begins to break apart. A cleavage furrow begins to 
form.  
Performance Goals 
After viewing a slide of cells, students will be able to determine the 
phase of mitosis for each cell with 90% accuracy.  
After gathering data, students will be able to represent first hand data 
in an accurate graph.  
After representing the data, students will be able to draw conclusions 
about patterns demonstrated in the data to answer the question, 
“Where do cells spend most of their time?” 
Nicole’s plans for monitoring also differed.  She planned some questions to elicit 
students’ thinking during the task and to guide student thinking to what matters.   
Which picture on your key looks like the cell you are looking at? 
What is happening with the chromosomes in this cell? In what phase does this 
happen? 
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Where are the chromosomes in this picture? 
What kind of graph might be used to represent this data and why? 
However, Nicole did not have a monitoring tool for this task even though Kelly created a 
monitoring tool in her planning.  When asked, “Did you create a monitoring tool for this lesson?”  
Nicole explained.  
I felt like I didn’t need a monitoring tool because students were going to be 
making a graphical representation, and I felt like I could see what I needed to see 
from that representation.  Um, but reflecting on it now, it’s something that maybe 
I would have done to capture more student thinking rather than, um, their 
collection of data.  So, because the discussion itself kind of fell to pieces in the 
end, because I think I really didn’t know who had certain ideas, and there really 
was no sequence there in the end, because I didn’t know who I wanted to have 
talk first, and where I wanted that to go.  And so without being able to utilize 
what I actually heard from students during the task, I wasn’t able to really tie 
things together conceptually. 
While her reflection was enlightening, this decision to not create a monitoring tool initially was 
indicative of her low PDC for task-based discussion lessons.  Moreover, Nicole did not select or 
sequence students’ work in her planning and her planning for connecting during the discussion 
was very general and not detailed.   The extent of Nicole’s planning related to selecting, 
sequencing, and connecting is below.    
Teacher guides discussion with the following questions: 
• When students say claim without evidence, teacher asks students to “show us
where your graph explains your claim? Where do we see the evidence that 
cells spend most of their time in ______ phase?” 
• Toss to other students and ask if they agree or disagree with the student’s
pattern. 
• Show us on the slide which cells you marked as dividing cells (or interphase
cells). 
*Teacher has the picture of the slide that the group used up on the SMART board
under the ELMO so that we can refer to it if necessary. * 
Anticipated Answers:  
Dividing Pattern 
Non-Dividing Pattern: Most all 
144 
Which kind of cells do you think your group had? How do you know? 
Why do you think we see two patterns emerge? Discuss with your partner.  (3 
min) 
Students share out their responses and teacher charts on the SMART board. (3 
min) 
Teacher guides students with questions during pair and share: 
What kind of cells do you think divide often? Why? How do you know that? 
What kind of cells do you think don’t divide? Why? How do you know that? 
Nicole planned questions that asked students to support their answers and provide a rationale for 
their thinking, but did not include a clear outline or storyline for the ideas she wanted to emerge 
and when during the discussion.  Moreover, she did not have many questions planned to support 
students in connecting each other’s ideas.  This practice was a key feature of planning often 
lacking in PSTs demonstrating low PDC.   
As we compare and contrast the PSTs’ planning, it is easy to see when a PST 
demonstrates high PDC for planning task-based science discussions versus when a PST does not.  
In the remaining sections of this chapter, I detail PSTs’ planning practices and other features that 
may provide insight into how a PST develops high PDC as well as how teacher educators can 
support the development of high PDC in PSTs. 
In summary, analyses of the post-intervention lesson plans provide evidence of 
improvement in students’ ability to plan a discussion.  PSTs scoring high met many of the a 
priori identified goals and expectations for planning a Five Practices discussion.  Low and 
Medium scoring PSTs’ scores improved over time with their planning including more use of the 
Five Practices model in planning over time.  Table 4.11 summarizes the use of the Five Practices 
model by PSTs post-intervention.  The data suggests that many PSTs can use the Five Practices 
when asked to do so in the context of their university coursework.  While the level of use of the 
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Five Practices varied between categories, the improvement over time indicates the PSTs’ 
learning over repeated iterations of the assignment.   
Table 4.11: Summary of characteristics of PSTs' planning practices with respect to the Five Practices post-
intervention 
Use of the Five Practices Model in Planning 
(Post-Intervention) Low Medium High 
Lists Performance Goal(s) and Specific Learning Goal(s)    
Experimentation, Data Analysis/Interpretation, or Explanation task at high level  
Task as designed of support of student engagement in SEPs    
Task as designed supports student engagement in productive whole class discussion  
Students can create multiple artifacts as a result of the task  
Anticipates students’ correct thinking   
Anticipates students’ incorrect or incomplete thinking  
Plans for monitoring student work on the task including monitoring tool    
Plans questions to elicit, challenge, or extend students’ thinking    
Plans for a storyline for how the discussion unfolds  
Plans to make connections between students’ ideas and to disciplinary ideas    
Plans to select and sequence the ideas that will emerge during the discussion  
Plans marking strategies to highlight important ideas  
Note: Low, Medium, High indicates scoring category related to total scores of HLTR and LPDR. 
4.1.2 Use of Curriculum Materials and Resources 
Research Question – Ia: What available curriculum materials, including texts, online resources, 
and standards, do PSTs use during planning of these lessons? 
To address this research question, I examined transcripts of the PSTs’ interviews 
identifying the various curriculum resources they used.  A clear pattern did not emerge when 
examining the curriculum resources used.  The resources PSTs mentioned using when planning 
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their task-based discussion lesson varied (Table 4.12).  As expected, school curricula were a 
major resource for the PSTs.  Interestingly, five out of the six PSTs interning in an urban public 
school discussed using their school’s curriculum when planning.  Xavier Idol did not specifically 
mention using the school’s curriculum, but he did use materials his mentor created, which most 
likely was based on the school’s curriculum.   
PSTs demonstrating high and medium PDC mentioned using their own experiences as 
students or their own knowledge as resources when planning these types of lessons.  The internet 
and other web-based materials also played a large role in PSTs’ planning, as expected. 
Interestingly, only three PSTs mentioned using their university instructors as a resource when 
planning these lessons and all three PSTs scored in the medium or low categories.  While only 
one PST mentioned using state or national standards as a resource in her planning.     
Interestingly, low scoring PSTs used school curricula, mentor created materials and peer 
lesson plans as resources more often that high scoring PSTs.  High scoring PSTs reported using 
their own personal knowledge and experiences and school curriculum, but more often reported 
designing tasks without resources.  This difference in resource use, particularly between low and 
high scoring PSTs suggests high scoring PSTs may feel more agency with the curriculum 
compared with lower scoring members of the cohort.   
The majority of the PSTs interviewed either adapted or improvised (created) (Brown, 
2009) the curriculum resources they used when planning their Instructional Performance lessons 
(Table 4.13).  The majority of the time the PSTs improvised and either created their own lessons 
or used a curriculum resource as a basis or idea for a completely revised lesson.  The ability to 
recognize the affordances and drawbacks of available curriculum materials and analyzing those 
materials with a critical lens is important for all teachers and indicative of PDC.  Furthermore, 
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those PSTs scoring high demonstrated an ability to adapt or create high cognitive demand tasks.  
Lower scoring PSTs seemed aware that their curriculum materials did not support students’ 
engagement in the SEPs and needed modifications, but their modifications often were as 
cognitively demanding.  This finding suggests that the task selected and/or designed and the 
demand of that task indicates the PSTs’ PDC for designing tasks and lessons where students can 
engage in productive classroom discussions.   
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Table 4.12: Resources PSTs used during the planning of their task-based discussion lessons 
Resources 
Intern 
Family/ 
Friends 
Mentor 
Created 
Materials 
Peer 
Lesson 
Plans 
Personal 
Knowledge/ 
Experiences 
Personal 
Texts 
School 
Curriculum Standards 
University 
Instructors 
Web-
Based 
Kristen 
Ingall 1 1 1 2 
Kelly 
Hendrick 1 1 
Bonnie 
Kyle 1 1 1 1 1 
Nancy 
Hall 1 2 1 1 
Calvin 
Cary 1 1 1 1 
Scott 
Xander 3 1 2 1 
Florence 
Edward 1 1 1 1 
Xavier 
Idol 2 2 1 1 
Nicole 
Timko 3 2 2 2 1 
Total 5 6 5 6 1 10 2 4 7 
Note: The PSTs are listed scoring high, medium, and low, respectively.  Each scoring category is separated by a dotted line.
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Table 4.13: Pre-service teachers' types of curriculum use when planning for task-based discussion lessons 
4.1.3 Use of Other Resources and Instructional Frameworks 
Research Question – Ib: What other resources or frameworks do PSTs use to plan task-based 
discussion lessons? 
To address this research question, I examined the transcripts of the PSTs’ interviews in 
order to identify any patterns.  One of the other main instructional frameworks about which I 
questioned the PSTs during the interviews was their use of the Learning Cycle during their 
planning and instruction of these Instructional Performances.  Not one PST acknowledged using 
the Learning Cycle as part of their planning.  Bonnie described the sentiment of many of the 
PSTs when she explained her use of the Learning Cycle.    
The second one was definitely I think an engage. Because once we got past this 
lesson we didn’t talk about who discovered DNA so much, but we talked about 
the structure and that’s what launches into the structure of DNA in transcription 
and translation. 
When prompted ad hoc, the PSTs typically “assigned” their lesson to “engage” phase of the 
Learning Cycle.  In using the term engage, the PSTs regularly designed task-based discussion 
Intern Adapt Improvise Offload 
Kristen Ingall 2 2 
Kelly Hendrick 1 3 
Bonnie Kyle 1 3 
Nancy Hall 3 3 
Calvin Cary 3 1 
Scott Xander 4 
Florence Edward 1 2 1 
Xavier Idol 2 2 
Nicole Timko 2 2 
Total 12 24 2 
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lessons where students discussed their prior knowledge and experiences.  These types of lessons 
seemed to be where the PST felt most comfortable attempting these types of challenging lessons. 
Other resources the PSTs when planning these lessons were human resources, mentors 
and university supervisors.  These individuals played a key role in the development of these 
beginning teachers.  With the complexity of planning classroom discussions using the Five 
Practices Model, the support university supervisors and mentors provided was an asset or a 
hindrance to the PST’s success.    
During the interviews, I asked the PSTs to describe the ways in which their mentors sand 
university supervisors supported their planning.  Table 4.14 describes the varying types of 
mentor support identified by the interviewees.  Quickly examining the table, one can see that the 
majority of the time mentors supported the PSTs in task design or did not provide any 
support/feedback for the instructional performance planning.   Kristen, Kelly, and Bonnie (High 
PDC PSTs) described more overall support from their mentors at some level from planning to 
task design.  In general, mentor support varied.  For example, Scott described co-designing a task 
with his mentor teacher.   
So a lot of them are just tasks that my mentor teacher has used before. We sit 
down a day or few before we use them. She says these were the parts of the tasks 
that I did like last year. Then we just talk about, we alter them together. 
On the other hand, Nancy explained that her mentor was more hands off and allowed her to plan 
lessons freely.  She said, “So, he is intentionally very hands off with planning. I think he will only 
come in if he senses like the ship sinking.”  Both Scott and Nancy scored in the medium range 
and the support of their mentor teachers might speak to his/her perceived ability of their PST.   
As with mentor support, university supervisor support varied (Table 4.15).  The majority 
of the support from supervisors occurred during the planning phase of the lesson.  Many PSTs 
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described challenges in providing lesson plans to their supervisors in advance, ultimately 
hindering any planning support.  Calvin humbly admitted this constraint during one of his 
interviews.  
So, it is not really feedback going into a lesson. That’s also kind of my fault 
because I should be sending him stuff a week ahead of time, or to get feedback 
and then modify. But I don't really get stuff out, maybe 2 days ahead of time if 
I’m lucky and like, “Help me out we still good for this date.”  His feedback 
afterwards actually is extremely helpful and same with my mentor teacher. I mean 
we are actually get it ran out. Normally he is like in verbal feedback. But it is a lot 
of like feedback, and then I respond to that feedback for the next, or within my 
next classes of practices, so then I show them what I have done. 
Furthermore, all of the PSTs demonstrating high PDC described seeking support from 
their supervisors in designing one or more tasks for a lesson, while no other PSTs sought out 
their supervisors as a resource.  While a definite reason for this finding is unclear, it is something 
that further research hopes to uncover.  Furthermore, two of the three interviewed PSTs 
demonstrating high PDC, Kelly and Bonnie, had a graduate student supervisor familiar with the 
university program.  In addition, I supervised two other PSTs scoring in the high category, Mark 
and Kady (Table 4.1).  Although supervisor support alone might not speak to the success of 
PSTs’ development of their PDC, the combination of mentor and supervisor support was a 
definite influence positively or negatively.    
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Table 4.14: Mentor support described by PSTs in planning instructional performances 
Mentor Support 
Intern None Planning 
School/ 
Team 
Support 
Selecting & 
Sequencing Supplies 
Task 
Design 
Kristen Ingall 4 1 2 1 1 
Kelly Hendrick 2 1 1 2 
Bonnie Kyle 1 2 
Nancy Hall  2 
Calvin Cary 2 2 
Scott Xander 1 2 4 
Florence 
Edward  1 1 1 1 1 
Xavier Idol 1 1 
Nicole Timko 3 
Totals 13 6 4 3 2 13 
Note: Numbers indicate times PSTs indicated receiving support from mentor in that category. 
Table 4.15: Supervisor support described by PSTs in planning instructional performances 
Supervisor Support 
Intern None Planning Instruction Logistics 
Task 
Design 
Kristen Ingall 2 1 2 1 
Kelly Hendrick 2 4 1 3 
Bonnie Kyle 4 1 2 
Nancy Hall 1 2 
Calvin Cary 1 2 2 1 2 
Scott Xander 3 3 4 
Florence Edward 2 1 1 1 1 
Xavier Idol 1 
 
1 
Nicole Timko 2 2 
Totals 9 15 9 4 6 
Note: Numbers indicate times PSTs indicated receiving support from supervisor in that category. 
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4.2 PSTS’ PLANNING STRATEGIES AND THE AFFECT THEIR ABILITY TO DESIGN 
CHALLENGING DISCUSSION LESSONS FOR STUDENTS 
Research Question – 2: To what extent does PSTs’ use of various resources and planning 
strategies support or hinder their ability to create lessons in which students are engaged in a 
challenging task where they participate in SEPs and engage in discussion? 
In order to answer research question two, I examined the PSTs’ lesson plans and 
interview transcripts.  Appendix I includes selected lesson plans for Instructional Performance 4 
from three PSTs: Kristen Ingall, Scott Xander, and Nicole Timko, high, medium, and low 
scoring teachers, respectively (Table 4.1).  In these lesson plans, one sees how PSTs’ planning 
clearly influenced their ability, or in some cases inability to create challenging task-based 
discussion lessons.   The thought and detail Kristen included in her planning, as described above, 
is a strategy that supported her confidence and ability to create these challenging lessons.  
Kristen explained that for her first Instructional Performance, her mentor teacher was not in class 
so she prepared thoroughly for that lesson and continued to plan in that way based on that 
lesson’s success.   
Because I thought that the first way, like the first time I did it like, what I really 
thought was really good about my lessons was my planning. That allowed me not 
to fall apart. So I was like, ‘Great, okay let’s do that again.’ 
In addition, her mentor co-planned with her to ensure she was prepared for this lesson.   Her 
mentor had previous experience with the Five Practices model.  Her questioning and support of 
Kristen forced her to think through the task and the lesson in detail, which supported her 
planning, lesson design, and development of high PDC.    
But as far as, so I explained it to her [the Five Practices]. We talked together 
about selecting and sequencing. That helped immensely because it was the first 
time I’d done all Five Practices.  She didn’t help a lot, but she knew more about 
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the students than I did. It was more like, “Are sure you want them to talk about 
that, because I think they might have better kind of prior knowledge,” and things 
like that.” Maybe something that I hadn’t noticed before, in being more of a 
passive observer. 
The PSTs demonstrating high PDC planned in detail and created a variety of instructional 
materials and scaffolds to support their students’ learning.  PSTs demonstrating medium or low 
PDC had more variability in their lesson planning and instructional materials.  Planning 
strategies by medium or low scoring PSTs, therefore, had a tendency to hinder the planning and 
task design.  Just the act, the process of, thinking through the lesson and recording those ideas 
proved to be a supportive tool for PSTs.  
Although Scott’s planning was not as detailed as Kristen’s, his final Instructional 
Performance 4 included the most detail than his other lesson plans.  He acknowledged that this 
strategy, the act of thinking through the lesson and thorough planning, supported the success of 
his class discussion.  
I think, like we mentioned in class, making the monitoring tool, it wasn't super 
helpful for actual – actually during the discussion –but it was really helpful for 
planning purposes.  So, yeah, um, the big takeaway to me with the discussions is 
just describing what the discussion is supposed to look like. 
And I think that was part of the reason for the success.  Um, I'm trying to think if 
there were any other aspects of last – um, well, just – just – yeah, designing the 
task.  So I think – I think my tasks last semester were a little too easy. 
Scott gained a level of reflection and awareness over the course of the year that is exemplified in 
the above excerpt.  
As one can see in Appendix I.3, Nicole’s planning for Instructional Performance 4 lacked 
the detail and thoroughness seen in PSTs’ receiving higher scores.  Her planning was an 
exemplar of the PSTs demonstrating low PDC.   A major hindrance to PSTs’ successful planning 
appeared to be time management and/or organization on behalf of the PST.  Nicole honestly 
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explained in one of her interviews that she often did not get support from her supervisor before 
her observation.   
My supervisor didn’t give me any feedback because that was my fault, because I 
didn’t put up my lesson 48hours in advance, let alone 24 hours in advance. So, I 
didn’t get any feedback from her in advance on this one. 
In addition, Nicole seemed to have difficulty understanding the expectations of planning for 
rigorous and challenging tasks, which may be a characteristic of many PSTs demonstrating low 
PDC.   Another characteristic of the interviewed PSTs’ demonstrating low PDC was their feeling 
that they did not need to think about or include certain items or materials in their planning. 
Nicole explained.  This thinking appeared to be a major hindrance to PST success.   
I felt like I didn’t need a monitoring tool because students were going to be 
making a graphical representation, and I felt like I could see what I needed to see 
from that representation. 
I don't think so, I think I put, I will choose them randomly. So, I didn’t feel like I 
needed to sequence them in any kind of specific order. 
4.3 CHANGES IN PSTS’ PEDAGOGICAL DESIGN CAPACITY FOR TASK-BASED 
DISCUSSION LESSONS OVER TIME 
Research Question – III: To what extent does PSTs’ pedagogical design capacity (PDC) for task-
based science discussion lessons change over the course of their teacher preparation program? 
Are patterns and changes related to specific learning opportunities or elements within the 
teacher preparation program? 
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4.3.1 Quantitative Findings 
The researcher performed within-groups repeated measures ANOVA to investigate differences in 
mean scores over the five time points of  (a) pre-lesson plan (LP) scores, (b) beginning of fall 
intervention (IP 1) scores, (c) end of fall intervention (IP 2) scores, (d) beginning of spring 
intervention (IP 3) scores, and (e) end of spring intervention (IP 4) scores.  Results indicated a 
significant within-groups main effect across all five times points Wilk’s Lambda = .098, F (4, 
11) = 25.36. p <.0005.  The effect size was large (η2 = .753).  According to Cohen (1988), effect
size guidelines are .01 = small effect, .06 = moderate effect, and .14 = large effect.  
Post-hoc comparisons via Fisher’s Least Significant Difference LSD corrected marginal 
means indicated that the mean total HLTR/LPDR score at the LP measurement time (M = 3.07, 
SD = 1.87) was significantly lower than the mean total HLTR/LPDR scores at the IP 1 
measurement time (M = 16.80, SD = 9.68; p = .001), IP 2 measurement time (M = 18.60, SD = 
9.11; p <.0005), IP 3 measurement time (M = 22.27, SD = 8.03, p <.0005)  and IP 4 measurement 
time (M = 24.20, SD = 8.68, p <.0005). Table 4.17 presents a summary of the ANOVA overall 
model fit.  Table 4.18 presents a summary of findings for the post-hoc analyses of the ANOVA 
results.  Figure 4.6 presents a graphical representation of the mean total HLTR/LPDR scores 
over the five time periods.  
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Table 4.16: Frequencies and percentages summarizing the number of teachers in each scoring category 
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Table 4.17: Results of ANOVA findings for overall model of total HLTR/LPDR at the five time periods 
      Time Period M SD           F  p   η2 
Total HLTR/LPDR       42.60       <.0005 0.75 
Pre-lesson (LP1) 3.07 1.87 
Instructional performance 1 (IP1) 16.80 9.68 
Instructional performance 2 (IP2) 18.60 9.11 
Instructional performance 3 (IP3) 22.27 8.03 
Instructional performance 4  (IP4) (Post) 24.20 8.68 
Note.  M = Mean; SD = Standard Deviation. 
Table 4.18: Results of the post hoc comparisons of ANOVA model findings for the multiple time periods 
Instructional Time 
Periods (I) 
Instructional 
Time Period (J) 
Mean Difference 
  (I – J) SE p 
LP1 IP1 -13.73 2.55 .001 
LP1 IP2 -15.53 2.51 <.0005 
LP1 IP3 -19.20 2.19 <.0005 
LP1 IP4 -21.13 2.21 <.0005 
IP1 IP2 -1.80 1.32 1.000 
IP1 IP3 -5.47 1.21 .005 
IP1 IP4 -7.40 1.53 .003 
IP2 IP3 -3.67 1.15 .065 
IP2 IP4 -5.60 1.40 .013 
IP3 IP4 -1.93 1.07 .926 
Note.  SE = Standard Error; LP1 = pre-lesson plan; IP1 = instructional performance 1; IP2 = instructional performance 2; IP3 = 
instructional performance 3; IP4 = instructional performance 4 (post).
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Figure 4.6: The mean total HLTR/LPDR scores at each time period.  The confidence intervals are represented at 
each time period 
The significant difference between pre-lesson plan scores and Instructional Performance 
scores suggests these patterns and changes were directly linked to the teacher preparation 
program.  While there is not a significant difference between the IP scores, there is a general 
increase in scores over time across the cohort.  This increase in scores between the IP 1 and IP 2 
(fall) and IP 3 and IP 4 (spring) can be attributed to the repeated and scaffolded design of teacher 
preparation.  Further analysis by scoring category shows that low and medium scoring PSTs 
scores increased over time (Figure 4.7).  This subset of the cohort appears to benefit from the 
longitudinal practice over time provided during teacher preparation.  The mean increase in 
Instructional Performance scores during the course of the teacher preparation year further 
supports the effect of the teacher preparation coursework.  During the interviews, I asked the 
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PSTs to identify course sessions that supported their planning of task based discussion lessons. 
What follows is a summary of these findings.   
Figure 4.7: The mean total HLTR/LPDR scores at each time period by scoring category 
4.3.2 Qualitative Findings  
At the end of the fall semester, I interviewed the selected PSTs.  During part of the interview, I 
asked what university course sessions were important and/or supportive in their learning to 
design and plan challenging tasks where students engage in discussion.  I provide detail 
summaries of the pertinent university course sessions in Appendix A.  Tables 4.19 and 4.20 
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indicates the number of PSTs in each scoring category whom identified these important sessions 
in Teaching & Learning 1, 2, and 3 (methods courses), respectively.    
When asked to circle and discuss important class sessions, the class sessions identified in 
Tables 4.19 and 4.20 PSTs were most often identified.  Interestingly, during the fall semester, all 
three high scoring PSTs listed all classes in Teaching and Learning 1 and 2 unanimously.   
Kristen explained her rationale for the importance of the first course session, a model of engaged 
learning, to her.   
So definitely, when we started talking about the model of engaged science 
learning, California is on the Direct Interaction Instruction, so the DII model. So 
pretty much everything I’d ever grown up with was just lectures. High school, we 
do lectures, college, we do lectures.  
Table 4.19: Total number of PSTs interviewed identifying important university course sessions during the fall 
semester 
Teaching and Learning 
1 
Teaching and Learning 
2 
# 
PSTs 
Class 1 and 2 
A model of 
Engaged 
Learning 
(Fastplants) 
Class 5 
Introducti
on to 
Lesson 
Planning 
Class 1 
• LGs & Objectives
(review) 
• Task selection
• Anatomy of a
lesson
• Micro-teaching
practice: Launch
Class 3 
Anticipating 
and 
Monitoring 
Role Play 
Class 4 
Monitoring, 
Selecting, 
Sequencing, 
Connecting Role 
Play 
High 3 3 3 3 3 
Medium 1 3 2 3 3 
Low 0 2 1 3 3 
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Table 4.20: Total number of PSTs interviewed identifying important university course sessions during the spring 
semester 
Kelly described the structure of the same class, where the PSTs engaged as students, as crucial in 
her learning.   
So the first thing that I have is kind of all the portions of the first plan, so that they 
engage in science learning. Because I think that making us do it ourselves was 
very helpful in realizing, this is supposed to be the outcome. I mean that spanned 
over several lessons. 
Finally, Bonnie agreed with her cohort members regarding the importance of the opportunity to 
engage as students.  
So this tangent really gets the heart what students should be doing, and why they 
should be doing it. As opposed to just, well they should be doing this fact. But no, 
they should be arguing, or they should be supporting their claim with evidence, 
because that is important for convincing people of your position and that kind of 
stuff. 
Differences between the PSTs’ answers arose between the low and medium scoring PSTs and 
their appreciation for Class one and two of Teaching and Learning 1 and Class one of Teaching 
and Learning 2 (Tables 4.19 and 4.20).  But, all PSTs identified the Five Practices role-play 
sessions as important in supporting their planning of discussions.  Xavier eloquently described 
Teaching and Learning 3 
# 
PSTs 
Class 2 
Learning 
Cycle and 
Five Practices 
Class 3 & 6 
Formative 
Assessment 
Class 4 
High-
Demand 
Tasks 
Class 7 
Scaffolding 
Class 8 
Maintaining 
Cognitive 
Demand 
High 3 3 1 2 3 
Medium 3 3 1 1 2 
Low 3 2 1 1 3 
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his feelings related to the role-play Five Practices classes.  His comments were representative of 
the PSTs also scoring low (Florence and Nicole).  
It started to make a lot more sense to me like; I’m not going to go to these same 
people all the time. If I want to make it easy on myself that’s what I would do, but 
that’s not really helping the rest of them. So, I started selecting and sequencing a 
lot more based upon that. Then that made more sense to me with the whole 5 
practices thing is, that it is just something that even if you are not going to use it, 
as being like a select in that sequence that you originally thought. It is the idea 
that you thought about it, and that if you needed to do it, it was available to you. 
If you like a have a monitoring sheet or something like that with you, like I said 
that is something that didn’t come to me till much later. But if you had that like 
with you, you could be just be like, ‘All right, well I know that your Tessa has 
this. So Nate what were you thinking whenever you talked about it?’ 
During the second semester, the first seven weeks of Teaching and Learning 3 centered 
on revisiting many of the topics and concepts from the fall semester as described in Chapter 
Three.  Returning to and presenting these topics in a different way, after the PSTs began teaching 
every day, truly resonated with PSTs regardless of their demonstrated level of PDC.  Classes 
two, three, and six centered on the Learning Cycle, the Five Practices, and Formative 
Assessment where the PSTs engaged once again as students before unpacking the various 
teacher moves.  When asked why these sessions were important, the responses were similar 
amongst the PSTs.  Nicole described her feelings about the value of the formative assessment 
lessons.  
Okay, so the first two lessons we already talked about.  I felt like those were 
really helpful because, I mean, I knew what formative assessment was, and I 
knew how to make a monitoring tool, but I didn’t know how to use it in a way 
that would make it work for me.  So I felt like it had to be this thing that I had to 
have, but I didn’t really see a whole lot of value in it.     
Calvin summarized the thinking similar to that of the university instructors during the design of 
this preparation program.  
Um, so in the fall whenever we talked about the Five Practices, we talked about a 
lot of the theory behind it.  Like if you’re going to have Five Practices, you need a 
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high cognitive demand task.  And we’re like, “Okay Like that’s a neat word. 
We’ve got to build these.  Like let’s talk about that.”  Um, then like, oh, these 
engaging discussions.  Like, okay, engaging discussions.  What’s, what’s an 
engaging discussion look like? 
Like we didn’t know – we knew all of these things we needed to have and we 
knew how to like design them, but what they actually like looked like being 
implemented from like a very experienced teacher, like I haven’t seen yet.  Um, 
so, whenever –Prof. Williams came in and whenever he started talking about the 
bowling alley, um, ‘cause, ‘cause I think, I think Dr. Curtis might have said that 
he was coming in to talk about the Five Practices. 
And whenever he started talking he didn’t talk about the practices.  These alarm 
bells off –were going off in my head and I was like, “What are we learning 
today?”  And then about a minute later whenever he started talking about like, 
“Oh, I’ve got this problem,” I was like, “Oh, my goodness.  He’s doing a practice 
[laughter].”  And from there I was like, “Okay.  Just like play along, but just 
absorb everything you can.”  And from that moment like I was – like every 
transition Brian made, and every like different movement, and like what he was 
thinking or where he was in the classroom, I just tried to pay attention to ‘cause I 
really wanted to see what this actually looked like – um, for someone to be doing 
that. 
Chapter Four addressed the three research questions using the analyses presented in 
Chapter Three.  It did so by comparing and contrasting the PSTs’ lesson planning at the three 
levels of demonstrated PDC.  Interview excerpts provided insight into the support PSTs received 
from mentors and university supervisors, the resources they used in their planning, and class 
sessions they felt were most important in their development as a teacher.  Chapter Five explores 
possible explanations for the variation in PSTs’ PDC and their ability or inability to design high-
demand tasks and plan lessons that support productive whole class discussions, and highlights 
the contribution this study provides to the field, and provides suggestions for future research 
based on this study. 
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5.0  DISCUSSION AND CONCLUSIONS 
A key instructional goal for the secondary science teacher preparation program, in which this 
study is situated, is to support secondary science PSTs in developing approaches to instructional 
planning of tasks that support students engagement in the SEPS and are consistent with the 
model of inquiry-based science teaching described in research (Anderson, 2003; Duschl, 2008; 
Leinhardt & Steele, 2005; Windschitl, Thompson, & Braaten, 2008).  Embedded within this goal 
is supporting the development of the PSTs’ pedagogical design capacity (PDC) by developing 
their ability to draw upon all available resources, knowledge, materials, etc. to design instruction 
for Five Practices discussions.  PSTs learn how to draw from various curriculum materials and 
resources to plan lessons that engage all learners.  To support this development, teacher 
educators at this large urban Midwestern University, draw on the Five Practices model and 
design an intervention aimed at increasing PSTs’ PDC related to use of the Five Practices model 
to selection and design of tasks that engage students in the SEPs described in the NGSS 
(Achieve, Inc., 2013).    
In this study, an intervention in the secondary science methods courses during the 2013-
2014 school year was studied.  This intervention focused on selection and design of tasks and use 
of the Five Practices model to support student engagement in the SEPs.  The PSTs engaged in 
the roles of student and teacher as they participated in various learning opportunities and 
approximations of practice.  This study investigated PSTs’ planning practices by assessing their 
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selection and/or design of high-demand tasks and their use of the Five Practices model when 
planning for a whole class discussion.  The study also examined uptake of task and lesson design 
strategies from university coursework by analyzing changes in PSTs’ planning practices over the 
course of the teacher preparation program.   
The findings presented in Chapter Four suggest that overall PSTs’ lesson planning for 
task-based discussion lessons improves over time and that the design of the teacher preparation 
program influenced this improvement.  By selecting ambitious planning practices, the teacher 
educators presented these contextual discourses through iterative cycles of decomposition, 
representation, and approximations of practice.   These contextual discourses supported the PSTs 
in developing not only discussion specific pedagogical design capacity, but also necessary 
critical pedagogical discourses about their role as teachers in their classrooms (Thompson et al., 
2013). 
While all PSTs except for one, Nicholas David, showed improvement in their planning 
practices, there was obvious variation in the levels of improvement.  Furthermore, almost half of 
the PSTs (six out of 15) demonstrated high-level pedagogical design capacity for designing 
lessons of this type.  In fact, these PSTs consistently demonstrated planning practices consistent 
with high pedagogical design capacity.  It might be expected that with PSTs demonstrating 
improvement that some PSTs with low PDC would eventually develop planning practices of a 
teacher with higher PDC.  However, this was not the case as the PSTs with lower PDC did 
improve in their planning and design of tasks, they did not improve significantly.  In Section 5.1, 
I explore possible explanations for the findings of this study.  Section 5.2 defines what the 
planning practices of a PST with high PDC for task-based discussions. Section 5.3 describes 
possible implications of this research in the design of teacher education programs.  Section 5.4 
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discusses the limitations of this study and provides suggestions for future research.  Finally, 
Section 5.5 concludes with the contributions of this study to the body of literature related to this 
topic.  
5.1 EXAMINING THE FINDINGS 
To answer the first research question, I investigated to what extent the PSTs used the Five 
Practices model in their planning for the Instructional Performances course assignments and any 
“In the Wild” lesson plans.  PSTs scoring high consistently wrote detailed lesson plans while 
PSTs scoring lower created plans that were much lesson detail (see Appendix I for examples). 
As such, it is easy as a researcher to assess PST planning for those that provide these detailed 
plans.  However, for PSTs that do not provide detailed plans, it is difficult to truly capture their 
thinking during planning.  This finding supports previous research that suggests teachers’ written 
lesson plans do not completely represent teacher thinking when planning (Hughes, 2006; 
Shoenfeld, 1998).  Because much of what teachers think is not represented in their written plans, 
it is difficult to capture exactly how the PSTs in this study think during planning for Five 
Practices discussions.  Interview evidence points to supporting this fact.  At various points during 
interviews, the 6 PSTs’ scoring low or medium often remarked that they thought about certain 
aspects of planning, but failed to thoroughly include those thoughts in their written lesson plans. 
To this point, during an interview, Xavier explained:  
I will say that I often forget to include my anticipation for sooner response like 
I’m thinking it. I want to come up with the questions without thinking like, what 
they might be answering it. But I will admit in my writing, what I am thinking is 
never always on the paper, but sometimes I think that it’s there. 
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Further examination of the findings suggests that field placement setting does not 
impact PSTs’ lesson planning practices.   Three of the six high scoring PSTs, Kristen 
Ingall, Bonnie Kyle, and Frank Daniel interned in an urban high school.  While four of 
the 9 lower scoring PSTs interned in an urban school.  In addition, Frank Daniel and 
Nicole Timko interned teaching biology at the same urban high school using the same 
curriculum.  Yet, Frank consistently scored high and Nicole consistently scored low (see 
Table 4.1), indicating school setting did not affect PSTs’ planning practices.   
To answer research question 1A, I examined the curriculum resources the PSTs 
used during their planning practices.  Recall that, the majority of PSTs adapted and/or 
improvised tasks when planning for Five Practices discussions, suggesting their 
awareness that many curriculum materials are not sufficient for these types of lessons.  
However, the capacity to create demanding tasks varied between high and low scoring 
teachers.  Table 4.12 shows that low scoring PSTs, Florence Edward, Xavier Idol, and 
Nicole Timko indicated during interviews that they typically used mentor-created 
materials, peer lesson plans, and their school’s curriculum when designing tasks.  While 
high scoring PSTs indicated less reliance on their school’s curriculum.  This finding 
suggests that high scoring PSTs have more agency with regard to curriculum.  Moreover, 
high and medium scoring PSTs’ use of personal knowledge and experiences is indicative 
of better-developed content knowledge for teaching (CKT) and specialized content 
knowledge (SCK) (Ball, Thames, & Phelps, 2008).  Ball and colleagues indicate that 
CKT and SCK are important knowledge types for teaching.   
In order to address research question IB, I examined the types of mentor and field 
supervisor support as indicated by the PSTs during their interviews.  Tables 4.14 and 4.15 
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summarize these findings.  High scoring PSTs sought mentor and supervisor support for 
task design and planning.  In contrast, low scoring PSTs did not identify mentor or 
supervisor support, typically stating they did not receive support from either.  Low 
scoring PSTs often indicated they did not provide their lesson plans in enough time for 
feedback or failed to seek out feedback from these human resources.   
PSTs that sought support and feedback in their planning and design of such 
lessons typically scored higher than those that did not.  Coupled with the ways in which 
these PSTs used the available resources, these findings suggest that high scoring PSTs 
have a more self-efficacious mindset to design tasks and lessons and seek out critical 
feedback for those plans.  Whereas, low scoring PSTs, failed to seek out support.  The 
confidence high scoring PSTs had in their planning and teaching is further evident in 
their search for additional feedback from university instructors.  Anecdotal information 
provided by one of the university instructors indicates that all six high scoring PSTs 
asked her to provide feedback on their lesson planning and observe that lesson at their 
field sites.  The remaining nine lower scoring PSTs did not ask for additional 
observations.  These findings indicate the more successful students have more agency 
and sought help from others more frequently.  Consequently, we, as teacher educators, 
need to better understand how we can help PSTs develop this mindset to seek out critical 
feedback.   
Further evidence of the importance of critical feedback is indicated in the 
supervisor feedback.  Four of the six high scoring PSTs had a university affiliated field 
supervisor (as explained in Chapter 3, I supervised two of these students).  These students 
also received feedback from supervisors related to task design and lesson planning. 
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Moreover, low scoring PSTs report not receiving the same level of support from their 
field supervisors.  Receiving this critical feedback from an experienced individual seems 
to be key in these PSTs development.   Therefore, it is important for teacher preparation 
programs to provide better training for field supervisors and mentors in providing critical 
feedback.   
To answer research question two, I examined the PSTs’ planning strategies.  As 
indicated in Chapter Four, PSTs demonstrating high PDC typically used their own 
personal knowledge and resources to create high demand tasks (Table 4.12).  Their 
planning using the Five Practices model was very detailed (see Table 4.11).  These PSTs 
were also purposeful in seeking mentor and supervisor support (Tables 4.14 and 4.15). 
The combination of these planning practices is supportive of the PSTs’ planning and 
design of these task-based discussion lessons.  While low scoring PSTs often used school 
curriculum and mentor created materials, indicated less agency with the curriculum. 
They also indicated using peer created lessons, but the planning differed.  Finally, the 
support of their mentors and field supervisors was not focused on task design or planning, 
but often instruction and logistical items.  These types of planning practices seemed to 
hinder these PSTs’ planning for these types of lessons.  Future research should examine 
how to develop PSTs’ agency with the curriculum and their willingness to seek out 
critical feedback.   
Finally, to answer research question three, the changes in PSTs’ planning 
practices over time, I analyzed the PDC scores for statistical significance.  Findings 
indicate that there is a significant difference between the baseline lesson plans and the 
instructional performances.  This result suggests that PSTs are able to plan in particular 
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ways when asked to do so in their teacher education courses.  While there is not a 
significant difference between the Instructional Performances scores, there is an overall 
increase in scores (Figure 4.6).  Because the cohort was small, statistical testing did not 
capture individual differences between the PSTs.  There is a subset of PSTs (low and 
medium scoring) that appear to benefit from the longitudinal approximations of practice 
provided in the teacher education program (Figure 4.7).  In addition, the difference in 
scores between IP 1 and 2 and IP 3 and 4 (see Figures 4.6 and 4.7) can be attributed to the 
repeated approximations of practice in the teacher education program.  Pilot research 
indicated that repeated approximations and longitudinal practice over time is important in 
PST education (Ross, Kessler, & Cartier, 2014).   
5.2 DEFINING PEDAGOGICAL DESIGN CAPACITY FOR TASK-BASED 
DISCUSSIONS 
The main purpose of this study was to examine PSTs’ uptake of the Five Practices model and 
their developing PDC for task-based discussion lessons.  There are common characteristics 
between all PSTs demonstrating high PDC as described in Chapter Four.  These PSTs were able 
to uptake the various strategies, tools, and planning routines introduced in their university 
coursework and produce demanding tasks and robust lesson plans, which showed a deep 
understanding of the strategies presented.  These PSTs showed an ability to critically analyze not 
only the available curriculum materials and resources effectively, but also incorporate knowledge 
of their students, content knowledge, and pedagogical content knowledge when planning Five 
Practices discussions (Figure 5.1).  
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Figure 5.1: Visualization of a PSTs' pedagogical design capacity for designing task-based discussions 
PSTs with a strong PDC for designing task-based discussion lessons also, not surprisingly, 
demonstrate a strong content knowledge for teaching (Ball et al., 2008).  More specifically, as 
detailed in Chapter Four, these PSTs developed a strong capacity to:  
• Critically analyze available curriculum materials
• Draw on a variety of resources in order to design tasks
• Design a challenging high-demand task where students participate in one or
more SEPs
• Thoroughly think through a lesson planning protocol (Smith et al., 2008)
• Plan questions to elicit, extend, and evaluate students’ thinking
• Integrate ambitious planning practices for Five Practice discussions
introduced in coursework
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Through the incorporation of these practices at a high level these PSTs demonstrating high PDC 
for task-based discussions have assumed the role of instructional engineer and can effectively 
design these challenging lessons.  
Moreover, one might expect that these PSTs with high PDC would continue to plan to 
teach Five Practices discussions beyond the scope of their coursework.  In fact, only two PSTs 
scoring high (Kelly and Mark) did so, but not only once.  Kelly scored 18 out of 33 on the HLTR 
and LPDR rubrics and Mark scored 4 out of 33.  Only one other PST planned a Five Practices 
discussion outside of her coursework (Mary) scoring a five out of 33.  While the PSTs 
demonstrated the ability to plan detailed task-based discussion lesson for course assignments, 
they failed to continue this practice outside of their coursework (“In the Wild” Lesson Plans).  It 
seems that as the PSTs assume more responsibility in their internship sites and continue with 
their course load, they lack the time personally or within the constraints of the curriculum to 
have Five Practices discussions in their classrooms.  Calvin described the time constraints he 
felt: 
Which when I was talking to my mentor teacher about it, he was like, “You need 
to stop doing that [laughter] ‘cause like those discussions are kind of long. 
You’re not getting through enough material.”  And, and at first I was like, “Okay. 
Like he’s right.  Like I need to get through more material.”  But, as I started to 
think about it more, I’m kind of disagreeing with that ‘cause, you know, it would 
be, it would be like a simple question, but the students would go back and forth 
like challenging each other’s ideas for 30 minutes. 
In addition to curriculum constraints, personal time constraints were an issue with many 
PSTs.  Nicole explained: 
So first off, not having enough time to plan them, because it does take a lot of 
effort to be able to anticipate and build some questions that are really going to 
guide students to where you want them to be, but also within the curriculum.  You 
don’t necessarily have time for students to construct their knowledge, which is 
ridiculous, but that’s really what it is. 
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Although the PSTs did not tend to plan Five Practices discussions outside their coursework, 
PSTs showed the capacity to plan these types of lessons effectively.  While six PSTs 
demonstrated these high level planning practices and high PDC, the remaining PSTs developed 
varying levels of PDC.  An important outcome of this study is to understand this variation in 
PDC development in PSTs and how to support this development in teacher education.  What 
follows are possible implications for the design of teacher preparation programs.    
5.3 IMPLICATIONS FOR PRACTICE: DESIGNING EFFECTIVE TEACHER 
PREPARATION PROGRAMS 
The results of this study indicate that PSTs that receive intensive instruction on ambitious 
planning practices for task-based discussion can effectively develop the PDC to analyze 
curriculum materials productively in order to design these lessons.  Recall that the teacher 
educators involved in this study used the Grossman Framework for Teaching Practice (Grossman 
et al., 2009a) as an instructional design model for teacher preparation.  Supporting the findings of 
Grossman and her colleagues (2009a), iterative cycles of decomposition, representation, and 
approximation are effective as a design model for teacher preparation.   
 As explained in Chapter 3, this study illustrates the need to support PSTs in developing 
their PDC for developing high-quality task-based discussion lessons.  Teacher educators must 
provide more opportunities for the PSTs to plan, teach, and reflect on lessons of various types 
and at varying levels of authenticity.  As the PSTs’ ability to critically analyze and design this 
type of instruction develops, their lessons will become more aligned with the science disciplinary 
practices put forth by the NGSS (Achieve, Inc., 2013).  Furthermore, embedding these 
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experiences in the context of the approximation of various tools and routines, teacher educators 
provide the scaffolds necessary to support teacher learning.  
Recall that curriculum materials play an important role for all teachers, particularly PSTs, 
as resources to support their planning and instruction (Forbes & Davis, 2008; Grossman & 
Thompson, 2008).  In particular, PSTs that use curriculum materials and resources in critical 
ways suggest the development PDC (Brown, 2009).  In this study, the PSTs planned tasks that 
support whole class discussions even if the curriculum materials did not provide instructional 
tools to do so.  Through their adaptations and improvisations of their provided curriculum 
materials (Table 4.13), there is evidence to suggest that PSTs are aware of the limitations of 
curriculum in supporting students’ engagement in discussions and the SEPs.  In doing so, it is 
evident that the PSTs developed an ability to critically examine the curriculum materials and 
resources in ways similar to Brown’s (2009) notion of adapting and improvising as they created 
their own tools or modified tools provided.  Revisions like these suggest that university 
coursework that was part of this study provided the necessary support for PDC development.    
Additionally, this study offers insight into how teacher educators might design learning 
contexts to support PSTs’ planning for more authentic science practices.  By providing repeated 
scaffolded opportunities to engage in micro-planning practices as described above, e.g., select or 
design specific tools that support student engagement in those authentic science practices 
(gathering, organizing, or representing data, identifying patterns), orchestrate Five Practices 
discussions, the PSTs begin to notice particular aspects of ambitious planning practices.  These 
repeated opportunities to revisit tools and routines learned in the fall semester gives the PSTs 
multiple opportunities to approximate various aspects of each practice in an effort to develop 
their PDC (Grossman et al., 2009b).  Mapping the findings of this study onto the Grossman 
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Framework (Grossman et al., 2009a) (see Figure 5.2), one sees that the repeated scaffolded 
approximations of this intervention supported the PSTs’ development (see Tables 4.19 and 4.20). 
Early in the school year, the PSTs experienced less authentic approximations of practice, but as 
the PSTs gained more experience the approximations became more authentic.  By the spring 
semester, the PSTs brought their own lessons and tasks into their courses to analyze and provide 
detail on their scaffolding and maintenance of cognitive demand.  This revisiting of topics from 
the fall semester with more authenticity resonated with the PSTs.  Having the opportunity to 
revisit these topics with their own materials supported them in developing their planning 
practices.   
Figure 5.2: Examples of authentic approximations of practice in the teacher preparation program 
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5.4 LIMITATIONS AND IMPLICATIONS FOR FUTURE RESEARCH 
This study has some limitations, most of which shed light on future research possibilities.  To 
start, the sample size was small (N=15) leading to only two physics, two chemistry, one earth 
science, and the remaining biology PSTs.  As a result, I was unable to make causal claims related 
to a PSTs’ content area.  Anecdotal evidence from past research suggests that content area does 
have an influence on a PST’s success in planning task-based discussion lessons (Ross et al., 
2011).  Future research should aim to obtain a larger sample size allowing for more comparisons.  
Second, PSTs were faced with many time constraints throughout the teacher preparation 
year, particularly during the spring semester.  Weather played a major factor in the PSTs’ ability 
to complete their Instructional Performances in a timely manner, which often resulted in PSTs 
not devoting the necessary time to plan these types of lessons.  During the spring semester, 
frequent snow days and delays due to snow and frigid temperatures at the school sites forced the 
PSTs to fit in their assignments wherever they could.  This factor might have also led to the 
limited number of “In the Wild lesson Plans.”  While controlling weather may not be a 
possibility in future research, a more realistic aim should be to provide the PSTs with more time 
to plan and teach their lessons.  Unfortunately, the time constraints of the completion of this 
study did not allow for flexibility.   
Another limitation was interviewing.  I was only able to schedule interviews at two time 
points during the year.  The resulting interviews regarding important coursework often was not 
very specific or detailed.  The PSTs often forgot exactly what happened during each course 
session and had difficulty articulating precisely the coursework design that was most supportive. 
Future research should aim to conduct interviews more frequently and/or conduct frequent 
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surveys in order to better understand the tools and routines that were most important in 
supporting the planning of task-based discussion lessons.   
Another limitation is related to the nature of lesson planning which led to variations in 
the PSTs’ artifact packets.  By the very nature of the task, PSTs had the freedom to interpret 
many of the expectations in their own way, resulting in varying products.  Consequently, the 
brevity of some PSTs’ explanations led to many inferences on the part of the coders and 
discrepancies in coding.  Many PSTs were not explicit on the choices made in their lesson plans. 
For this reason, each coder interpreted some data differently.  Many might argue that the task 
itself should be more constrained and explicit for PSTs making interpretations of purpose and 
analysis easier.  However, I argue that constraining the task itself would change the nature of the 
task and would not examine PSTs’ ability to critically analyze curriculum materials and 
resources to plan task-based discussion lessons. 
Finally, this study examined PSTs’ lesson planning practices.  As a result, I cannot make 
any causal claims related to instruction or lesson implementation.  Because a PSTs’ PDC for 
planning these discussion lessons has not previously been studied, it was a goal of this study to 
understand these planning practices and make connections back to university coursework.  In 
doing so, the teacher educators can work to better support the development of this PDC at a high 
level.  However, limiting the study to planning practices does not provide a complete picture of 
the PSTs’ PDC.  In order to understand a PSTs’ PDC for task-based discussions, future research 
should aim to examine the totality of teaching practice: planning, instruction, and reflection. 
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5.5 CONCLUSIONS AND CONTRIBUTIONS TO CURRENT KNOWLEDGE BASE 
Understanding how PSTs critique and adapt curriculum materials is critical to designing teacher 
education experiences and appropriate scaffolds that promote the development of their identity as 
instructional engineers. Curriculum materials are an essential component of classroom practice, 
shaping teachers’ decisions about what and how to teach. However, many science curriculum 
materials are of poor quality, failing to address student thinking and whole-class discussion 
(Beyer & Davis, 2009; Cartier et al., 2013).  Therefore, it is crucial that PSTs learn how to adapt 
science curriculum materials in order to meet the needs of ambitious teaching practices 
(Thompson et al., 2013).  Learning how PSTs use these materials and how they can be supported 
in the developing their PDC for planning task-based discussions is an important part of reform 
oriented teacher preparation.  Research to better understand the participatory relationship 
between PSTs, the university context, and the development of their identity as instructional 
engineers as well as supporting this development is essential.  
This dissertation adds to the body of literature concerned with pre-service teacher 
education (Beyer & Davis, 2009; Davis & Smithey, 2009; Forbes & Davis, 2008; Zembal-Saul, 
2009), planning discussions using the Five Practices model (Smith & Stein, 2011; Cartier et al., 
2013; Eskelson, 2013) and the development of PSTs’ pedagogical design capacity (Brown, 
2009).  In particular, I described the extent to which PSTs take up certain ambitious planning 
practices related to task-based discussions using curriculum materials as they plan a lesson for an 
actual classroom.  It also has important implications for the design of science teacher education 
and preparation. Thus, this research helps the field conceptualize how beginning teachers analyze 
curriculum materials, lesson plans, and how they can be supported in providing worthwhile 
learning experiences for their students.  
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APPENDIX A 
DESCRIPTION OF UNIVERSITY COURSE SESSIONS PERTINENT TO THIS STUDY 
DURING THE 2013-2014 SCHOOL YEAR 
What follows is a detailed description of the courses and the important course sessions, 
class materials, in-class tasks, and assignments for each course session pertinent to this study 
during the 2013-2014 school year.   
Teaching & Learning in Secondary Science I is a 1 credit course offered in 6 two or three 
hour sessions during Jumpstart, weeks 1 and 2 of the fall semester. The course is designed to 
help PSTs develop a vision for what “engaged learning” might entail in a secondary classroom, 
as well as the many considerations a teacher must address when preparing to support such 
engagement. The course will also provide PSTs with opportunities to reflect on the history of 
science education in the United States as well as the nature of scientific knowledge and practice.  
What follows are summaries of the important course sessions, instructional materials, and 
assignments. 
TEACHING AND LEARNING I 
FALL 2013 
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Class 1  
A Model of Engaged Science Learning (Part 1) 
During Class 1, after introductions, the PSTs participate in the main task of the day, A 
Model of Engaged Science Learning: The Fastplants Task4.   The instructors provide each group 
of PSTs two plants and laboratory materials, then give the instructions, “Develop a protocol to 
determine, ‘How much do Fastplants grow during their life cycle?’”  PSTs use the remaining 
time to develop protocols using materials of their choosing.  What follows are the slides used by 
the instructors for Class 1. 
Class 1 Slides 
More information about Wisconsin Fastplants available at: 4 
http://www.fastplants.org/index.php 
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Class 2 
A Model of Engaged Science Learning (Part 2) 
Following up the protocol development task from Class 1, Class 2 begins with the PSTs 
completing their protocols.  Next, the PSTs present their work just as a secondary student would 
in a Biology classroom.  PSTs as audience members assume the roles of other students in the 
class and critique each other’s work.   
The second half of class involves a study of the Next Generation Science Standards 
(Achieve, Inc., 2013).  PSTs read Appendix F of the NGSS in preparation for class today. 
Following a short introduction, PSTs spent time analyzing and discussing the two versions of the 
Jeremy Vacation Task (Cartier et al., 2013).  What follows are the Jeremy Task example 
distributed in class as well as the PowerPoint Slides used to organize class and prompt discussion 
that day. 
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Jeremy Vacation Task Handout5 
5 Reprinted with permission from the National Council of Teachers of Mathematics. 
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Class 2 Slides 
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Class 3 
Supporting Engagement in Science Learning 
In preparation for Class 3, PSTs read Chapter 1 and Chapter 3 of 5 Practices for  
Orchestrating Productive Science Discussions (Cartier et al., 2013).  This class consisted of a 
detailed analysis and discussion of High Cognitive Demand Tasks in Science.   The tasks 
instructors used follow.  These tasks are Experimentation, Data 
Analysis/Representation/Interpretation, and Explanation tasks described in Cartier et al. (2013), 
exemplars of high cognitive demand and low cognitive demand tasks.  Using these examples, 
instructors led an in depth discussion around these tasks and characteristics of high cognitive 
demand science tasks.   
Because textbooks are so widely in science classrooms, instructors discussed with the 
PSTs the importance of critical analysis of the provided curriculum.  Through this analysis, it is 
important for PSTs to assume the role of an instructional engineer and assume the authority to 
adapt the provided materials as needed in order to make tasks that are cognitively demanding for 
their students.   
Instructors assigned Lesson Plan 1 for homework.  The assignment distributed to the 
PSTs follows the class slides.   
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Example Tasks Used in Class 3 for High Cognitive Demand Analysis and Discussion 6 
6Tasks and other materials from Cartier et al. (2013). 
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Class 3 Slides 
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Class 5 
Introduction to Lesson Planning 
PSTs bring copies of the lesson plan 1 assignments to class.  The first part of class 
involves the PSTs cutting apart the different sections of their lesson plans and examining the 
similarities and differences between the sections of their group members.  After the group work, 
there is an instructor led discussion regarding important parts of a lesson plan and what a teacher 
needs to plan and prepare for when planning a high cognitive demand task, such as the Fastplants 
task, they did last week.  The instructors then distribute the Sample Lesson Plan (provided 
below) and support the PSTs in comparing their plans with this sample plan.  Finally, the last 
part of class involves direct instruction around the various parts of a lesson plan, e.g., Big Idea, 
Learning Goals, Objectives, etc., and the various resources the PSTs may use in writing those 
parts of the lesson plan.   
The assignment is a revised lesson plan 1.  The PSTs are to revise their first lesson plan 
based on the today’s discussion and what they learned today.   
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Class 5 Slides 
202 
203 
204 
 
205 
206 
Sample Lesson Plan 
*Provided to PSTs after lesson planning discussion during Class 5 in order to prepare for the Revised
Lesson Plan 1 Assignment.  
Lesson Plan 
Date: March 11, 2009 Course/Section: Biology-9 Block A Topic: Classification in Biology 
Big Idea [What is the overarching Big disciplinary Idea that this lesson is drawing upon or building 
toward? See Core Ideas in the NGSS or Big Ideas on the PA SAS.] 
Scientists often develop tools to identify and study patterns in the natural world. A taxonomic 
system is one such tool. Another is a system for classifying organisms. A third example is the periodic 
table (a tool for visualizing patterns in the physical features and behaviors of atoms).  
Learning Goals [What will students know at the end of this lesson?] 
1. Scientists classify (or group) living things because they want to be able to describe and ask
questions about how they are related.
2. Different ways of categorizing or grouping objects or organisms allow scientists to notice
different patterns and to answer different kinds of questions.
3. Early classification in Biology was based mostly on obvious features like body shape, size,
whether something had feathers or hair, etc.
4. Modern Biologists have more powerful tools for studying organisms now and the most effective
way of determining how living things are related is to look at the sequence of their DNA.
Objectives [What will students be able to do at the end of the lesson? What they can do should be 
evidence that they know what you intended for them to learn . . . ] 
1. Given a group of diverse objects, students will be able to organize them into categories that are
mutually exclusive and hierarchical.
2. Students will be able to use their classification scheme to determine the appropriate place for new
objects (e.g. a metal washer, a glass marble).
3. Working independently, students will be able explain why multiple classification schemes might
exist (e.g. because they are developed with different purposes in mind and because they are
developed by human beings).
Related Standards [What PA Standards will you touch upon in this lesson?] 
S11.A.1.1 Analyze and explain the nature of science in the search for understanding the natural 
world. 
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Materials Needed [What materials do you need for this lesson? Include things like representational tools 
(Powerpoint slides, etc.), handouts, manipulative, laboratory materials, etc. ] 
For each student group: 
1. One 2-gallon plastic zipper bag containing items for the sorting task
a. markers, crayons, pencil colors, and tubes of paint in various colors
b. paper of different texture, size, and color
c. rulers (1 wood, 1 plastic)
d. scissors (1 pair regular scissors, 1 pair with rounded ends)
e. glue or glue stick
f. beads and buttons (some metal, some wood, some plastic)
g. thread
h. bills and receipts
i. spare change
j. breath mints, gum, candy bars
2. A large tray for containing the items once removed from the baggie.
3. A dry erase board, markers, and eraser
4. Post-it notes
5. Index card with a “purpose” (different groups will have different “purposes”)
For each student: 
1. Science note sheet.
2. Exit slip
For the teacher: 
1. Powerpoint slides.
2. Digital camera.
Safety Concerns [What safety issues do you and students need to be aware of during this lesson? Include 
information about how/when you intend to let students know about these issues.] 
The main safety issues are: 
• Students may want to eat the candy, mints, etc. During the activity launch, I will make sure to
warn them that these materials are NOT HYGENIC as they have been handled by many students. 
They should NOT put anything in their mouths in any science class. 
• Students should take care not to poke themselves or others with the scissors. I will instruct them
to leave all objects on the tray at all times. They can move them from one area of the tray to 
another, but they should remain on the tray at all times. This should also alleviate the last safety 
concern . . .  
• Students may drop small items like beads that could pose a slipping/tripping hazard. They will be
instructed to pick up any dropped objects immediately. 
Set Up [How will you have materials set up at the beginning of the lesson?] 
When students enter class, they know to take out their science notebooks and complete the Do 
Now prompt from the Powerpoint. I will have the Do Now slide projected when they enter the classroom. 
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I will also have the sorting materials (in 6 baggies, one per group) placed on the side table. Each 
baggie will be labeled with a group number (students are already in lab groups, so they know their 
numbers). The stack of trays will be on the side table near the baggies. 
White boards, markers, and post-it notes are already at the group tables when students enter the 
room. (These materials are always on the tables.) 
Lesson Opening [How will you begin this lesson? Be specific about how you will activate 
relevant prior knowledge, connect to previous lessons, 
etc.] 
7 minutes 
The Do Now slide will serve to open the lesson: 
Once students have ~3 minutes to complete the Do 
Now, I will ask for volunteers to share their responses. 
I expect students to talk about how they organize 
their clothes by season or by types (pants, sweaters, 
underwear, etc.); how they organize their music by artist or 
genre; and how they organize their books by size or use (school-related or pleasure reading, etc.). 
I will solicit and make alternative categorization suggestions where necessary to prompt 
discussion. 
After a few examples, I will ask, “Why do we organize things?” 
I expect students to say things like “because my parents make me” and “because it makes it easier 
to find stuff we need.” 
I will then prompt, “We are going to complete a task today where we have to create a system to 
organize a pile of stuff. We all have the same piles of stuff, but our systems will probably be different.”  
Support of Lesson Activities 
(1) LAUNCH [How will you launch this activity? Be specific about what you will say to students, 
how you will let them know the purpose of the activity, what they are expected to do, how much time 
they’ll have, etc. Be clear about how you will give them the necessary directions and materials to 
participate successfully in the activity. ] 
5 minutes  I will tell students: 
• Our first activity today is going to be a sorting task. We are doing this so we can practice the kind
of thinking that goes into developing a system to sort things—this is what scientists have to do
when they develop similar systems. Before we talk about how Biologists sort things, we’re going
to so some similar work ourselves.
• Every group is going to get a baggie of stuff and you’ll have 15 minutes to come to agreement
with your group members about how to sort it.
• To figure out how you want to sort, you will have to do two things: (1) read your index card that
has the PURPOSE written on it; and (2) make careful observations of your objects-pay attention
to what they look like, what they’re made of, what they’re used for, etc.
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• To sort your objects, move them around into piles on your tray.
• Use the post-it notes to label what the different groups mean or contain.
• You can use the white boards, too, if you want to add more information or draw a diagram.
• After 15 minutes we will have a class discussion.
Pause for questions.
• Okay, let’s review our Safety Zone
reminders. (I will call on volunteers to read
these from the slide.)
• When I tell you to, I want the tallest student
in your group to go to the side table and
retrieve the baggie with your group’s
number on it and one tray.
• Begin working as soon as your group
receives your materials. We are starting at
(time) so you will have until (time) to
complete this part of the activity.
• Okay, “go.”
Throughout the launch, I will use Slide 2 as a guide and will leave it projected during the task as a
visual reminder to students. 
(2) WORK TIME [How will you support students’ work and thinking during the activity? What 
will you be doing and saying? What will students be doing and saying? How will you help students 
connect their ideas to the specific learning goals of the lesson?] 
group sort: 15 minutes 
class discussion: 10 minutes 
notes: 5 minutes 
group sort 
I will have 6 groups and three different PURPOSE cards. Therefore, there will be two 
groups working on each purpose. 
As students work, I will circulate and ask them to explain the basis of their sorting 
systems. There are some features that I want to highlight: 
Hierarchical ordering systems (nested categories) 
If I don’t see a hierarchical system, I will push at least one group to consider this. For 
example, I might see a group of students who are sorting materials for an elementary teacher. 
These students might put the markers, paints, pencils, and crayons together. I might ask, 
“Suppose you are teaching 7-year-olds. Would you want to store all these materials where 
students could access them independently? Would some of them require more supervision than 
others?” This question might prompt the students to consider that all these coloring materials 
might be in a big group, but that they might separate the group further by having pencils and 
crayons stored in an accessible location but having markers and paints stored in a location only 
the teacher can get to. (This is similar to what I expect will arise in our Do Now conversation: 
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Students might have their music organized by genre, but then within a genre they will also have 
categories for individual artists and the albums of individual artists will be listed alphabetically, 
etc.) 
Mutually exclusive categories 
If I see an item that seems like it might fit into more than one category, I will ask students 
about that. For example, students might have a category for red things and a category for wooden 
things. Which category would a red, wooden button go into? This is another way of helping them 
develop a hierarchical system. But it is also an opportunity to make explicit the idea that 
categories are only useful if they are definitive. 
Categories should connect to the purpose 
I do not expect to see identical sorting schemes across all 6 groups. One thing I will try to 
emphasize in my questioning is the way the categories are useful to the people who will be using 
them. For example, a moving company might want to know where objects are found in a house so 
they know how to pack them and label the boxes; or they might want to know which items are 
breakable so they know to pack them carefully. A teacher would want to keep track of materials 
that are used every day vs. those that are taken out only for special activities; a craft store owner 
would probably want to group materials according to their probability of being used together (e.g. 
string and beads would be in a similar location). I will ask questions about the NEEDS of the 
users of the sorting systems to help students realize these possible different ways of sorting. 
class discussion 
Because we have so little time (48 
minutes), my students know that I will not call 
on every group to share during every activity. 
I keep track of student participation in my 
notes, so I know which students have had few 
opportunities to speak lately and which have 
had many. I will try to take this into account 
when drawing on examples from the activity 
during the class discussion. 
I will begin by asking generally, 
“What did your group think about when you 
developed your sorting categories?” 
I will solicit a few answers from the students, focusing on (or drawing out) the idea that 
they thought about both the objects and the needs of the users of the sorting scheme. 
Then I will ask two groups who had the same purpose but different categories to 
compare/contrast their schemes. I might point out a few similarities and differences that are of 
interest to me. I will ask why they think these differences occurred. I will try to highlight the idea 
that people are complex and think in different ways and any time you have human beings doing 
things, you can expect some messiness. But if we took time to communicate and share our ideas, 
we might agree on one best way to approach the sorting. 
Finally, I will highlight the differences across groups and connect this to the PURPOSE of the 
USERS. 
To close this part of the lesson, I will hold up an item (e.g. metal washer or glass marble) and ask 
students to use their sorting system to place this item. This will serve as a quick check that 
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students can use the sorting system and an opportunity to point out that when scientists discover 
new things, sometimes they “fit” into their systems and sometimes the systems need to be 
changed to accommodate the new organisms. 
notes 
I will use the Powerpoint slide to give students notes (these build on biology ideas we have 
covered in the first unit on the needs of living things--- but I 
am connecting these ideas about living things to 
categories/classification). Students record their notes in their 
science notebooks. 
Lesson Close [How will you close the lesson? How 
will you help students know what the important “take away” 
ideas were? How will you let them know what is coming 
next?] 
5 minutes 
I will present slide 4, letting them know what we 
will study tomorrow and also their homework assignment 
(this is posted on the class website so I don’t hand out copies 
of homework---students know to do this in their notebooks). 
I will hand out copies of the exit slip and give students the remaining minutes to complete it. 
Students submit their exit slips by dropping them into the marked basket on my desk as they exit the 
classroom. 
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Assessment [What will students do and say during the lesson (or after it) that will let you know that they 
did/didn’t achieve the lesson objectives?] 
Objective When Assessed How Assessed 
Students will be able to organize 
a group of diverse objects into 
categories that are mutually 
exclusive and hierarchical.  
During the group 
sorting task. 
I will notice the students’ categories as I circulate 
during the small group activity. I will ask questions 
about the basis for their categories and the rationale 
for placing certain objects into various categories. I 
will be looking for students to acknowledge when 
categories are not exclusive and to propose 
solutions. I will be looking for students to propose 
ways to “nest” or organize categories to reflect a 
hierarchy. 
Students will be able to use their 
classification scheme to 
determine the appropriate place 
for new objects (e.g. a metal 
washer, a glass marble). 
During the whole 
class discussion 
following the 
sorting task. 
I will quickly scan the room to see where the groups 
would place this new object (I will prompt them to 
point). This will give me a sense of how students can 
use their categories and whether they can recognize 
deficiencies in them. 
Students will be able explain why 
multiple classification schemes 
might exist (e.g. because they are 
developed with different 
purposes in mind and because 
they are developed by human 
beings). 
In the exit slip. I expect students to mention at least two of the 
following: 
1. Sometimes scientists find new information that
doesn’t fit with their old schemes and they need
to change them.
2. Scientists are people and they will come up with
different ways to think about problems.
3. Scientists might have different purposes for
classification systems and so there might be
more than one.
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Resources 
 
Index cards for sorting task  
  
Purpose: 
 
Your classification system 
needs to be used by a CRAFT 
STORE OWNER to help her set up 
her store shelves. 
Purpose: 
Your classification system needs 
to be used by a MOVING 
COMPANY to pack a family’s 
belongings and unpack them in their 
new house. 
Purpose: 
Your classification system needs 
to be used by an ELEMENTARY 
SCHOOL TEACHER to organize her 
new classroom. 
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Exit Slip 
Name: _____________________________________________ 
March 11, 2009 
Think about the sorting activity we did today and connect to the following question: 
Why might scientists develop more than one Classification scheme to sort living things? 
Your answer should be 2-3 sentences long. 
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Teaching & Learning in Secondary Science II is a 4-credit course offered during weeks 
3-16 of fall term (September 9 – December 13). The course is designed to help PSTs develop the 
capacity to design lessons that will enable secondary science students to learn core science ideas 
while engaging in disciplinary practices. The instructors focus on in-depth coverage of high-
leverage practices, including — 
• selecting or designing cognitively demanding tasks
• supporting classroom discourse through various talk strategies (e.g. revoicing, tossing,
questioning, etc.)
• developing and/or selecting robust tools (e.g. representations) to support learner
engagement
• utilizing the Five Practices Model to plan for and support student engagement in task-
based discussions
PSTs have opportunities to design lessons and receive detailed feedback from course 
instructors. They also have opportunities to engage in micro-teaching episodes, practicing 
various teaching strategies with their peers acting as learners. Finally, PSTs collaborate with one 
another to provide feedback on lesson planning, enactment, and reflection during the last part of 
the term. 
Class 1 
This first class of Teaching and Learning II involved three main parts: task selection, 
anatomy of a lesson, and micro-teaching episode.  What follows is a description of each, 
including the instructional materials used during class.   
TEACHING AND LEARNING II 
FALL 2013 
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Part 1: Task Selection 
 In preparation for class today, the PSTs read Chapter 1 of 5 Practices for  
Orchestrating Productive Science Discussions (Cartier et al., 2013).  This first part of Class 1 is 
a continuation of the concepts and ideas discussed surrounding high demand tasks in science in 
Teaching & Learning I.  The instructors provide three science tasks (see below).  The PSTs 
examine the tasks and determine the cognitively challenging parts, the unproductive barriers, and 
how they would modify each task.   The main goals of this task are: (1) to provide the PSTs with 
an opportunity to engage in instructional engineering by modifying tasks; (2) to introduce the 
PSTs to scaffolding, maintaining demand, and unproductive barriers to task completion.  What 
follows is a copy of the slides used in class as well as the example tasks. 
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Task Selection Slides 
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Example Biology Task7 
7 Task from Kristin Germinario, Knowles Science Teaching Foundation Fellow 
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Chemistry Task8 
8 Task from A Natural Approach to Chemistry by Hsu, Chaniotakis, & Damelin (1998) 
Reprinted with permission from LAB-AIDS, Inc. 
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Physics Task9 
9 Adapted from http://www2.vernier.com/sample_labs/PWV-07-LABQ-bungee_jump.pdf 
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Part 2: Anatomy of a Lesson and Micro-teaching Episode - Launch 
Part 2 of Class 1 provided PSTs with an opportunity to examine representations of a 
“good” and “bad” launch by analyzing videos of expert teachers.  After this analysis, PSTs 
learned about the different parts of a lesson: launch, activity, and close.  Finally, the PSTs 
participated in a role-play micro-teaching episode in which they each had the opportunity to 
practice a launch in front of their peers.  Following this practice, a culminating discussion 
identified the characteristics of a good launch.   
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Anatomy of a Lesson Slides 
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Class 3 
Anticipating & Getting Ready to Monitor 
In preparation for Class 3, the PSTs read Chapters 2 and 3 of 5 Practices for  
Orchestrating Productive Science Discussions (Cartier et al., 2013).   After some direct 
instruction and review of the Five Practices model, the PSTs approximate the practice of 
anticipating using the Frog Task.  During this time, PSTs anticipate the various ways students 
might approach the task, stumbling blocks, and unproductive barriers they would want to 
minimize.   
Following a discussion of their anticipations on the frog task, the instructors model 
representations of monitoring using the Kinetic Molecular Theory of Water Task in order to 
provide the PSTs with an understanding of what it means to elicit students’ thinking through 
questioning versus tutoring.  The instructors then provide the PSTs with the “Orchestrating a 
Discussion Guide” (see below), which they will use for the remainder of the Five Practices role-
play, which focuses on the Kinetic Molecular Theory of Water.  Next, each group of PSTs acting 
as students during the role play are provided with their “Student Models with Student Thinking” 
in order to prepare for their student roles.  Using the monitoring tool and student models 
provided, the PSTs prepare for their role at teachers by planning questions they will ask the 
student groups during their monitoring micro-practice episode.  Finally, each pair of PSTs take 
turns playing the role of teacher and monitors students using their monitoring tool and ask the 
questions they planned with the goal of eliciting the student thinking behind the models (see 
below) in order to prepare for the discussion during the next class.  For the next class, each pair 
of PSTs plans for their KMT discussion using the selecting, sequencing, and connecting guide in 
their “Orchestrating a Discussion” packets.      
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Class 3 Slides 
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Prepared Student Models with Examples of Student Thinking 
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Orchestrating a Discussion Guide 
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Class 4 
Monitoring, Selecting, Sequencing & Connecting and Microteaching Practice - Connecting 
 In preparation for Class 4, the PSTs read Chapters 4 and 5 of 5 Practices for  
Orchestrating Productive Science Discussions (Cartier et al., 2013).  Today’s class begins with 
the PSTs approximating orchestrating a whole class discussion about the KMT of water.  Each 
group had 16-18 minutes for discussion.  Each PST gave feedback after each episode using the 
“noticing and wondering tool” (see below).  At the end of the session, the instructors led an 
overall discussion, summarizing moves that were effective and things PSTs should be mindful of 
for their next micro-teaching episode. 
 Following the micro-teaching, the instructors provided the PSTs an opportunity to reflect 
on their teaching.  Calling attention to Chapter 7, pp. 119-123, of 5 Practices for  
Orchestrating Productive Science Discussions (Cartier et al., 2013) the instructors ask the PSTs 
to use the ideas presenting in this chapter as a frame to analyze and reflect on their instruction.  
By focusing on their planned storyline the PSTs answered the following questions: (1) what 
types of talk support the emerging storyline and make it accessible to students?  (2) What types 
of talk makes student thinking visible?  (3) What types of talk guides student thinking in 
productive directions?  (4) What types of talk directs student thinking to what matters?  
Finally, the instructors reviewed a lesson arc and a lesson close and assigned the final 
page of the “Orchestrating a Discussion Guide” where the PSTs plan a lesson close to their 
enacted discussion.  After this class, the instructors assigned Instructional Performance 1 and 
later Instructional Performance 2.  Each assignment follows the instructional materials for this 
class. 
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Class 4 Slides 
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Noticing and Wondering Tool 
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Instructional Performance 1 Instructional Guide 
Instructional Performance #1: Lead a Discussion 
Important Dates 
Please attempt to complete this assignment by October 30th. 
If you are unable to complete all of the documentation (artifact packet) by this date, just let me know – but 
do strive to have the lesson taught by October 30th. 
Reminders 
Please schedule the lesson (with your mentor teacher) as soon as you can. 
• Once you have scheduled the lesson, let your Field Supervisor know ASAP. Some Field
Supervisors have to observe 4 different students, so your scheduled lesson MUST fit within
that overall schedule.
IF YOU HAVE OBTAINED PERMISSION TO VIDEOTAPE, remember to have a video camera (you can 
borrow a Flip camera from me or use your smart phone) and permission folder available for your Field 
Supervisor on the day of your scheduled lesson. 
• Keep a folder with students’ permission forms in it.
• Have this folder and list available for the Field Supervisor on the day of your scheduled lesson.
Your Teaching Task 
You will lead a discussion in the class.  The discussion should be at least 25 minutes long. 
Your lesson must involve: 
Students drawing upon work that they completed in a previous high cognitive demand task.  
For example,  
• In an earlier task (either earlier the same day or on a prior day), students drew models to explain the
patterns of the behavior of water. During the discussion portion of this lesson, the students will focus
on these models.
• In an earlier task (either earlier the same day or on a prior day), students developed protocols to
measure plant growth. During the discussion portion of this lesson, the students will focus on these
protocols.
• In an earlier task (either earlier the same day or on a prior day), students examined second-hand data
related to Moon phases and sought to identify patterns. In the discussion portion of this lesson,
students will share and develop a consensus description of the key patterns from the data.
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Students engaging in actual discussion (not simply presentation). Thus, — 
• Students should know your expectations for their verbal participation as well as active, respectful 
listening. 
 
• Students should have opportunities to add to, challenge, question, etc. what others have said. 
 
• You will need to prepare in advance for ways to get the students to engage with one another. That is, 
I don’t want you to ask a question, get an answer, ask another question, etc. The students should be 
talking roughly 75% of the time. 
 
a) Some questions you may want to be prepared to ask:  Does everyone agree with . . . ? Can 
someone add on to that idea or say it in a different way?  Can you repeat what [student] 
said? Etc. 
 
b) Be sure to use tossing and revoicing (teacher revoicing as well as student revoicing) to 
support engagement in the discussion. 
 
c) Also draw on Cold Call and other strategies to ensure that you are involving the entire class 
in the thinking work and not just relying on the “presenters” and volunteers. 
 
Use of a marking tool.  
• This might be a whole class level tool (e.g. you completing a chart on the board) or an individual note-
taking tool. You may use it consistently throughout the discussion or only at the lesson close. 
 
Preparing to Teach 
Work with your mentor teacher to identify a topic / lesson where you can incorporate this discussion. 
KEEP IN MIND that you will likely need two consecutive days – one day for students to complete the high 
cognitive demand task and a subsequent day for them to discuss their work as a class. 
 
Obtain copies of any materials related to this lesson (including the high cognitive demand task). 
Write a Lesson Plan.  
• Your Lesson Plan should address all of the requirements described in the standard rubric.  
• Your lesson must have a Launch, Work Time (Discussion) and Close. 
• Include sufficient detail to enable you to support the discussion, similarly to the way you planned for 
the KMT discussion in our T&L in Science class. 
 
Discuss your lesson plan with your mentor teacher and/or field supervisor and make any revisions as per 
his/her suggestions. It is also a VERY GOOD IDEA to get feedback on the high cognitive demand task 
and the lesson in which you intend to complete this work. So, in other words, your Field Supervisor is only 
coming to see the discussion – but the previous lesson, in which students actually produced work worthy 
of discussion – is vitally important, too. Your supervisor can help you shape this task so that it is more 
likely to lead to productive discussion! 
 
Upload your lesson plan to the Lesson Planning tool no later than 24 hours before you plan to teach the 
lesson. 
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On The Day That You Teach 
Arrive at your school early and make sure everything is ready to go. It is best if you prepare materials 
(slides, handouts, etc.) the day before at the latest.   Have a hard copy of your lesson plan ready to hand 
to your Field Supervisor when s/he arrives to view your lesson.  Also provide your Field Supervisor with 
the folder with video permission records (if applicable).  Finally, provide the Field Supervisor with the 
video camera or smart phone if you are going to record the lesson. Set aside some time in your schedule 
for a post-lesson conference with your Field Supervisor. 
Reflecting on Teaching 
Reflection Questions 
Answer these questions (typed) drawing on any evidence you have from the lesson, including 
your own observations, feedback from the Mentor and Field Supervisor, and written artifacts produced by 
the students. 
1) Did students achieve the desired Learning Goals? To answer this question, draw from specific
evidence (things students said and/or produced, such as an exit slip). Put copies of relevant student work 
in the 4th section of your packet. 
2) Comment on the Launch portion of your lesson. Did students understand the purpose of the
discussion? Did they understand what they were expected to do during the discussion (that is, how you 
wanted them to participate)? Provide specific evidence to support your claim. 
3a) Did students seem able to engage in the discussion (according to the rules/expectations you 
provided)? What aspects of participating in the discussion seemed to challenge your students the most? 
What aspects of the discussion were easiest for them? 
3b) How can you help the students get better at engaging in this type of discussion? 
4a) What elements of the high cognitive demand task (that they completed prior to the discussion) were 
most productive in terms of eliciting productive thinking and responses from the students?  
4b) What elements of the task were problematic? 
4c) Would you change the task if you were to do this again? If so, in what ways? 
5a) How comfortable were you leading the discussion? Did you feel nervous or relaxed? 
5b) To what extent do you feel you succeeded at leading the discussion (promoting students’ 
engagement) and not stepping in and “telling?” Provide specific examples of where you felt you did a 
good job and where you would have done something differently if you could go back and do it again. 
6) Describe the role that planning played in your ability to conduct this lesson.
7) Describe at least 3 concrete “take away” lessons you have learned about how to lead a student-
centered discussion. In particular, talk about what you would definitely do again (related to preparing for 
or implementing a discussion) or what you would definitely avoid doing. Provide a rationale for your 
choices. 
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Documenting Practice 
You will submit the Instructional Performance Packet to your Practicum instructor in hard copy on 
October 30th. 
 
Your Packet should include the following (in order, with labeled tabs to assist in finding things): 
 
(1) Lesson Plan 
 
(2) Instructional Materials 
 
Include copies of all materials you used during the discussion lesson. This includes copies of the 
representations you used, any handouts or slides, etc. If you use materials obtained from other 
sources (internet, your mentor), please be sure you cite the source clearly in the footer of the 
document. 
 
Also include a copy of the high cognitive demand task that students completed prior to the 
discussion. Include data tables and any other materials that students used during this task. 
 
(3) Student Work 
 
Include copies of the work that students produced during the high cognitive demand task (the 
artifacts that you used to anchor your discussion). 
 
(4) Feedback 
 
In this section place a copy of your Field Supervisor’s and Mentor’s feedback. 
 
(5) Reflection 
 
Put a copy of the answered Reflection Questions here. 
 
Include copies of whatever evidence is pertinent (e.g. exit slips, etc. See Reflections Questions 
for clarification here).  
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Instructional Performance 2 Instructional Guide 
Instructional Performance #2: Lead a Discussion 
Important Dates 
Final packet is due on Monday, December 16th. 
Reminders 
Please schedule the lesson (with your mentor teacher) as soon as you can. 
• Once you have scheduled the lesson, let your Field Supervisor know ASAP. Some Field
Supervisors have to observe 4 different students, so your scheduled lesson MUST fit within 
that overall schedule. 
IF YOU HAVE OBTAINED PERMISSION TO VIDEOTAPE, remember to have a video camera (you can 
borrow a Flip camera from me or use your smart phone) and permission folder available for your Field 
Supervisor on the day of your scheduled lesson. 
• Keep a folder with students’ permission forms in it.
• Have this folder and list available for the Field Supervisor on the day of your scheduled
lesson.
Your Teaching Task 
You will lead a discussion in the class.  The discussion should be at least 25 minutes long. 
Your lesson must involve: 
Students drawing upon work that they completed in a previous high cognitive demand task.  
For example,  
• In an earlier task (either earlier the same day or on a prior day), students drew models to
explain the patterns of the behavior of water. During the discussion portion of this lesson,
the students will focus on these models.
• In an earlier task (either earlier the same day or on a prior day), students developed
protocols to measure plant growth. During the discussion portion of this lesson, the
students will focus on these protocols.
• In an earlier task (either earlier the same day or on a prior day), students examined
second-hand data related to moon phases and sought to identify patterns. In the
discussion portion of this lesson, students will share and develop a consensus
description of the key patterns from the data.
Students engaging in actual discussion (not simply presentation). Thus, — 
• Students should know your expectations for their verbal participation as well as active,
respectful listening.
• Students should have opportunities to add to, challenge, question, etc. what others have
said.
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• You will need to prepare in advance for ways to get the students to engage with one 
another. That is, I don’t want you to ask a question, get an answer, ask another question, 
etc. The students should be talking roughly 75% of the time. 
 
d) Some questions you may want to be prepared to ask:  Does everyone agree with 
. . . ? Can someone add on to that idea or say it in a different way?  Can you 
repeat what [student] said? Etc. 
 
e) Be sure to use tossing and revoicing (teacher revoicing as well as student 
revoicing) to support engagement in the discussion. 
 
f) Also draw on Cold Call and other strategies to ensure that you are involving the 
entire class in the thinking work and not just relying on the “presenters” and 
volunteers. 
 
Use of a marking tool.  
• This might be a whole class level tool (e.g. you completing a chart on the board) or an 
individual note-taking tool. You may use it consistently throughout the discussion or only 
at the lesson close. 
 
Preparing to Teach 
 
Work with your mentor teacher to identify a topic / lesson where you can incorporate this 
discussion. KEEP IN MIND that you will likely need two consecutive days – one day for students to 
complete the high cognitive demand task and a subsequent day for them to discuss their work as a class. 
 
Obtain copies of any materials related to this lesson (including the high cognitive demand task). 
 
Write a Lesson Plan.  
• Your Lesson Plan should address all of the requirements described in the standard rubric.  
• Your lesson must have a Launch, Work Time (Discussion) and Close. 
• Include sufficient detail to enable you to support the discussion, similarly to the way you 
planned for the KMT discussion in our T&L in Science class. 
 
Discuss your lesson plan with your mentor teacher and/or field supervisor and make any 
revisions as per his/her suggestions. It is also a VERY GOOD IDEA to get feedback on the high cognitive 
demand task and the lesson in which you intend to complete this work. So, in other words, your Field 
Supervisor is only coming to see the discussion – but the previous lesson, in which students actually 
produced work worthy of discussion – is vitally important, too. Your supervisor can help you shape this 
task so that it is more likely to lead to productive discussion! 
 
Upload your lesson plan to the Lesson Planning tool no later than 24 hours before you plan to 
teach the lesson. 
 
 
On The Day That You Teach 
 
Arrive at your school early and make sure everything is ready to go. It is best if you prepare 
materials (slides, handouts, etc.) the day before at the latest.  
 
Have a hard copy of your lesson plan ready to hand to your Field Supervisor when s/he arrives to 
view your lesson. 
 
Also provide your Field Supervisor with the folder with video permission records (if applicable). 
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Finally, provide the Field Supervisor with the video camera or smart phone if you are going to 
record the lesson.  
Set aside some time in your schedule for a post-lesson conference with your Field Supervisor. 
Reflecting on Teaching 
Reflection Questions 
Answer these questions (typed) drawing on any evidence you have from the lesson, including 
your own observations, feedback from the Mentor and Field Supervisor, and written artifacts produced by 
the students. 
1) Did students achieve the desired Learning Goals? To answer this question, draw from specific
evidence (things students said and/or produced, such as an exit slip). Put copies of relevant student work 
in the 4th section of your packet. 
2a) Did students seem able to engage in the discussion (according to the rules/expectations you 
provided)? What aspects of participating in the discussion seemed to challenge your students the most? 
What aspects of the discussion were easiest for them? 
2b)  How can you help the students get better at engaging in this type of discussion? 
3a) What elements of the high cognitive demand task (that they completed prior to the discussion) were 
most productive in terms of eliciting productive thinking and responses from the students?  
3b) What elements of the task were problematic? 
3c) Would you change the task if you were to do this again? If so, in what ways? 
4a) How comfortable were you leading the discussion? Did you feel nervous or relaxed? 
4b) To what extent do you feel you succeeded at leading the discussion (promoting students’ 
engagement) and not stepping in and “telling?” Provide specific examples of where you felt you did a 
good job and where you would have done something differently if you could go back and do it again. 
5) Describe the role that planning played in your ability to conduct this lesson.
6) Reflect on your work supporting classroom discussion throughout this semester. In what ways have
your skills as a facilitator grown? In what ways has your students’ capacity to engage in this work 
developed? What are your goals for yourself and your students as you move into the new term? 
Documenting Practice 
You will submit the Instructional Performance Packet to your Practicum instructor in hard copy on 
December 16th. 
Your Packet should include the following (in order, with labeled tabs to assist in finding things): 
(1) Lesson Plan 
(2) Instructional Materials 
Include copies of all materials you used during the discussion lesson. This includes copies of the 
representations you used, any handouts or slides, etc. If you use materials obtained from other 
sources (internet, your mentor), please be sure you cite the source clearly in the footer of the 
document. 
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Also include a copy of the high cognitive demand task that students completed prior to the 
discussion. Include data tables and any other materials that students used during this task. 
(3) Student Work 
Include copies of the work that students produced during the high cognitive demand task (the 
artifacts that you used to anchor your discussion). 
(4) Feedback 
In this section place a copy of your Field Supervisor’s and Mentor’s feedback. 
(5) Reflection 
Put a copy of the answered Reflection Questions here. 
Include copies of whatever evidence is pertinent (e.g. exit slips, etc. See Reflections Questions 
for clarification here).  
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Class 5 
Learning Cycle 
In preparation for Class 5, the PSTs read Chapters 6 of 5 Practices for  
Orchestrating Productive Science Discussions (Cartier et al., 2013).  Class 5 involved a detailed 
examination of the Learning Cycle.  Through direct instruction, the instructors review the 
Learning Cycle.  The PSTs then engage in a portion of a Moon Phase Learning Cycle.  Each 
group of PSTs received a different piece of data and identified as many patterns as possible 
related to the moon.  Following the small group work, the PSTs shared the patterns they noticed 
with the class.  Finally, the instructors provide examples of Learning Cycles “in action” as well 
as examples in which a teacher embeds a Five Practices discussion in different phases of a 
Learning Cycle depending on the teacher’s learning goals.  What follows are the slides used in 
class, which include the various moon phase data given to the PST groups.   
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Class 5 Slides 
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Teaching & Learning in Secondary Science III is a 3-credit course offered during the 
spring semester (Jan-Apr). The course was designed to help PSTs refine their skills for 
designing, implementing, and reflecting upon lessons in which adolescent students engage in 
cognitively challenging tasks and participate in robust classroom discussions. The course also 
focused on the role of assessment, both formative and summative, in providing teachers and 
students with useful information and guidance to support the learning process.  What follows is a 
description of each course session on which this study focuses, instructional materials from each 
session, and pertinent assignments.     
At the beginning of the semester, the instructors provided the PSTs with the Instructional 
Guide for Instructional Performances 3 and 4.  The guide distributed is below.  As you will see, 
it is similar to the guides distributed during the fall semester.     
Instructional Performance 3 and 4 Instructional Guide 
Instructional Performances #3 and #4: Lead a Five Practices Discussion 
 
Important Dates 
 
Instructional Performance 3: 
1. Final Artifact Packet due by 2/5/2014 
2. Bring hard copy of artifact packet to class on 2/5/2014  
 
Instructional Performance 2:  
1. Final Artifact Packet due by 3/19/2014 
2. Bring hard copy of artifact packet to class on 3/19/2014 
 
Reminders 
 
Please schedule the lesson (with your mentor teacher) as soon as you can. 
• Once you have scheduled the lesson, let your Field Supervisor know ASAP. Some Field 
Supervisors have to observe 4 different students, so your scheduled lesson MUST fit within 
that overall schedule. 
• Supervisors are required to observe one (1) of these 5 Practices lessons.   
• You must have feedback from your supervisor or mentor accompany each artifact 
packet.   
 
TEACHING AND LEARNING III 
SPRING 2014 
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IF YOU HAVE OBTAINED PERMISSION TO VIDEOTAPE, remember to have a video camera (you can 
borrow a Flip camera from me or use your smart phone) and permission folder available for your Field 
Supervisor on the day of your scheduled lesson. 
• Keep a folder with students’ permission forms in it.
• Have this folder and list available for the Field Supervisor on the day of your scheduled
lesson.
Your Teaching Task 
You will lead a Five Practices discussion in the class.  The discussion should be at least 25 minutes 
long. 
Your lesson must involve: 
Students drawing upon work that they completed in a previous high cognitive demand task. 
For example,  
• In an earlier task (either earlier the same day or on a prior day), students drew models to
explain the patterns of the behavior of water. During the discussion portion of this lesson,
the students will focus on these models.
• In an earlier task (either earlier the same day or on a prior day), students developed
protocols to measure plant growth. During the discussion portion of this lesson, the
students will focus on these protocols.
• In an earlier task (either earlier the same day or on a prior day), students examined
second-hand data related to moon phases and sought to identify patterns. In the
discussion portion of this lesson, students will share and develop a consensus
description of the key patterns from the data.
Students engaging in actual discussion (not simply presentation). Thus, — 
• Students should know your expectations for their verbal participation as well as active,
respectful listening.
• Students should have opportunities to add to, challenge, question, etc. what others have
said.
• You will need to prepare in advance for ways to get the students to engage with one
another. That is, I don’t want you to ask a question, get an answer, ask another question,
etc. The students should be talking roughly 75% of the time.
g) Some questions you may want to be prepared to ask:  Does everyone agree with
. . . ? Can someone add on to that idea or say it in a different way?  Can you
repeat what [student] said? Etc.
h) Be sure to use tossing and revoicing (teacher revoicing as well as student
revoicing) to support engagement in the discussion.
i) Also draw on Cold Call and other strategies to ensure that you are involving the
entire class in the thinking work and not just relying on the “presenters” and
volunteers.
Use of a marking tool. 
• This might be a whole class level tool (e.g. you completing a chart on the board) or an
individual note-taking tool. You may use it consistently throughout the discussion or only 
at the lesson close. 
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Preparing to Teach 
Work with your mentor teacher to identify a topic / lesson where you can incorporate this 
discussion. KEEP IN MIND that you will likely need two consecutive days – one day for students to 
complete the high cognitive demand task and a subsequent day for them to discuss their work as a class. 
Obtain copies of any materials related to this lesson (including the high cognitive demand task). 
Write a Lesson Plan. 
• Your Lesson Plan should address all of the requirements described in the standard rubric.
• Your lesson must have a Launch, Work Time (Discussion) and Close.
• Include sufficient detail to enable you to support the discussion, similarly to the way you
planned for the KMT discussion in our T&L in Science class.
Discuss your lesson plan with your mentor teacher and/or field supervisor and make any 
revisions as per his/her suggestions. It is also a VERY GOOD IDEA to get feedback on the high cognitive 
demand task and the lesson in which you intend to complete this work. So, in other words, your Field 
Supervisor is only coming to see the discussion – but the previous lesson, in which students actually 
produced work worthy of discussion – is vitally important, too. Your supervisor can help you shape this 
task so that it is more likely to lead to productive discussion! 
Upload your lesson plan to the Lesson Planning tool no later than 24 hours before you plan to 
teach the lesson. 
Reflecting on Teaching 
Reflection Questions 
Answer these questions (typed) drawing on any evidence you have from the lesson, including 
your own observations, feedback from the Mentor and/or Field Supervisor, and written artifacts produced 
by the students. 
1) Did students achieve the desired Learning Goals? To answer this question, draw from specific
evidence (things students said and/or produced, such as an exit slip). Put copies of relevant student work 
in the 4th section of your packet and be sure to provide clear evidence of how that student work indicates 
students met the goals of the lesson. 
2a) Did students seem able to engage in the discussion (according to the rules/expectations you 
provided)? What aspects of participating in the discussion seemed to challenge your students the most? 
What aspects of the discussion were easiest for them? 
2b) How can you help the students get better at engaging in this type of discussion? 
3a) What elements of the high cognitive demand task (that they completed prior to the discussion) were 
most productive in terms of eliciting productive thinking and responses from the students?  
3b) What elements of the task were problematic? 
3c) Would you change the task if you were to do this again? If so, in what ways? 
4a) How comfortable were you leading the discussion? Did you feel nervous or relaxed? 
4b) To what extent do you feel you succeeded at leading the discussion (promoting students’ 
engagement) and not stepping in and “telling?” Provide specific examples of where you felt you did a 
good job and where you would have done something differently if you could go back and do it again. 
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5) Describe the role that planning using the Five Practices Model played in your ability to conduct this 
lesson. 
 
6) Reflect on your work supporting classroom discussion throughout this semester. In what ways have 
your skills as a facilitator grown? In what ways has your students’ capacity to engage in this work 
developed? What are your goals for yourself and your students as you move into the new term? 
 
Documenting Practice 
 
You will submit the Instructional Performance Packet to your Seminar instructor in hard copy on 
February 5th, 2014 for Lesson #3 and March 19, 2014 for Lesson # 4  
 
Your Packet should include the following (in order, with labeled tabs to assist in finding things): 
 
(1) Lesson Plan 
 
(2) Instructional Materials 
 
Include copies of all materials you used during the discussion lesson. This includes copies of the 
representations you used, any handouts or slides, etc. If you use materials obtained from other 
sources (internet, your mentor), please be sure you cite the source clearly in the footer of the 
document. 
 
Also include a copy of the high cognitive demand task that students completed prior to the 
discussion. Include data tables and any other materials that students used during this task. 
 
(3) Student Work 
 
Include copies of the work that students produced during the high cognitive demand task (the 
artifacts that you used to anchor your discussion). 
 
(4) Feedback 
 
In this section place a copy of your Field Supervisor’s and/or Mentor’s feedback. 
 
(5) Reflection 
 
Put a copy of the answered Reflection Questions here. 
 
Include copies of whatever evidence is pertinent (e.g. exit slips, etc. See Reflections Questions 
for clarification here).  
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Class 2 
The Learning Cycle 
During Class 2, PSTs revisit the Learning Cycle by engaging as students in a Physics 
Learning Cycle: “The Ramp Activity.”  The instructor provided a scenario to students where 
they are building a ramp system to determine, “How does the length of the board affect how fast 
the ball moves?”  The PSTs then worked on answering this question using the provided 
materials.  As the PSTs work in their small groups, the instructor models monitoring for the 
students.  Once the PSTs completed the task, there was a short discussion regarding their 
findings for the remaining minutes of the period.  What follows are the slides used in class.   
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Class 2 Slides 
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Class 3 
Formative Assessment 
Class 3 involved an analysis of the task and Learning Cycle presented in Class 2.  During 
the discussion, the PSTs unpack the necessary teacher preparation and teacher moves during the 
student work time.  By examining expert modeling in detail, the instructors hoped that the PSTs 
would gain a better understanding of the Five Practices Model and how to plan for and enact 
these types of discussions in their classrooms.  In addition, this session focused on formative 
assessment and the various monitoring tools the teacher can use to assess student thinking and 
understanding.   This class provided the PSTs with an opportunity to examine various types of 
monitoring tools for formative assessment and how they might use these tools in their own 
classrooms.  
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Class 3 Slides 
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Class 4 
High Demand Tasks 
 The instructors divided Class 4 into two parts: High Demand Tasks and Unit Plan Work 
Time.  Because the unit plan is not a part of this study, what follows is a description of the high 
demand task analysis and discussion.  As you can see from the Class 4 slides below, the PSTs 
revisit the Learning Cycle by designing a task they might use in an assigned phase of the 
Learning Cycle and the role formative assessment has in that phase.  After a detailed discussion 
related to their designed tasks, the PSTs then examine their own tasks brought in for homework. 
As a group, they prepare to present and discuss that task to the class, including where it might fit 
in the Learning Cycle, the features that make it cognitively demanding, modifications to increase 
cognitive demand, and ways to maintain cognitive demand during instruction.     
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Class 4 Slides 
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Class 6 
Formative Assessment 
In Class 6, the PSTs revisit formative assessment and discuss the discovered affordances 
and drawbacks of various types they used over the past few weeks.  Initially, the instructor 
describes various ways to engage all learners through different types of scenarios and lesson 
engagements.  After discussing the importance of a good “hook” in providing access for all 
learners, the instructor uses direct instruction to review formative assessment and it’s use within 
the Learning Cycle and the Five Practices Model.  The goal of this class was to provide a closure 
to these topics so that the PSTs can begin to incorporate them into their unit plans.  The slides 
used to guide instruction follow.   
282 
Class 6 Slides 
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Class 7 
Scaffolding 
In preparation for Class 7, the PSTs read “Tools for Scaffolding Students in a Complex 
Learning Environment: What Have We Gained?  What Have We Missed?” by Puntambekar and 
Hübscher (2005).  Using this reading as a guide, the PSTs examined their own practice and 
identified the various types of scaffolds they have tried in their own teaching citing specific 
examples from their own practice.  Further discussion involved the discussion of the ways in 
which these types of scaffolds impacted the cognitive demand of the task.  The goal was to 
highlight for the PSTs that often many scaffold lower the cognitive demand instead of maintain 
the desired demand for students throughout the task.  During the remainder of the class, the PSTs 
worked on their unit plans.  What follows are the slides used to guide instruction.   
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Class 7 Slides 
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Class 8 
Maintaining Cognitive Demand 
 The final class on which this study focuses, Class 8, aligns directly with Class 7.  The 
instructors told the PSTs to bring materials from a high demand task they have taught. These 
materials included copies of the task, marking tools, and any other representational tools used. 
The PSTs then discussed how they maintained the cognitive demand during this task as well as 
ways in which they might alter their approach.  Finally, each group of PSTs selected a 
representative task to present to the class to further a discussion and provide additional examples 
of scaffolding to maintain cognitive demand.  The PSTs discussed the various affordances and 
drawbacks of designed scaffolds and tasks.  During the second half of the class, the PSTs worked 
on their unit plans.  What follows are the slides used to guide instruction and the presentations 
made by each content group.   
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Class 8 Slides 
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Biology Scaffolding Example 
292 
Biology Scaffolding Example #2 
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Chemistry Scaffolding Example 
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Physics/Earth Science Example 
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APPENDIX B 
PST TASK ANALYSIS FORM 
Teacher:  
Grade: 
Course/Subject:   
Period:  
Date Lesson Taught:  
PART A 
Description of the Lesson 
PART B 
TYPE OF TASK AND POTENTIAL LEVEL OF DEMAND 
CURRICULUM MATERIALS 
1. Identify the Type of Science Task of this activity as it appears in the curriculum
materials.  
a. Experimentation
b. Data Representation, Analysis, & Interpretation
c. Explanation
d. Other
e. Memorization
Provide detail and examples to justify your explanation. 
2. Using the STAT analysis tool, identify the level of cognitive demand in the curriculum
materials.
Type of Task Demand of Task 
(High/Low) 
Experimentation 
Data Representation, 
Analysis, & Interpretation 
Explanation 
Provide detail and examples to justify your answer regarding this task as it appears in the 
curriculum materials. 
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PST TASK ANALYSIS FORM (Completed) 
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APPENDIX C 
THE SCIENCE TASK ANALYSIS TABLE10 
                                                 
10 Adapted from Cartier, J. L., Smith, M. S., Stein, M. K., & Ross, D. K. (2013).  5 Practices for Orchestrating Productive Science Discussions. Reston, 
VA: National Council of Teachers of Mathematics and Corwin Press.    
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APPENDIX D 
TASK AND LESSON PLAN CODING RUBRICS 
D.1 ELEMENTS OF A HIGH-LEVEL TASK SCORING RUBRIC (HLTR) 
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D.2 ELEMENTS OF A LESSON PLAN THAT SUPPORTS DISCUSSION SCORING 
RUBRIC (LPDR) 
Elements of a 
Lesson Plan 
that Supports 
Discussion 
No Evidence 
Score = 0 
Low 
Score = 1 
Medium 
Score = 2 
High 
Score =3 
Anticipates 
Students’ 
Correct 
Thinking 
Evidence of 
anticipating 
students’ correct 
thinking does not 
exist 
Vaguely describes 
correct thinking 
students may use when 
working on the task 
OR describes what 
students might do 
and/or notice during 
the task 
Specifically describes at 
least one correct 
strategy/idea students may 
use when working on the 
task. But, the strategies/ideas 
do describe the various 
ideas/features/representation
s students produce as a result 
of the task  
Specifically 
describes correct 
ideas/thinking 
students may use 
when working on 
the task AND 
there is an attempt 
to identify the 
various possible 
strategies or 
representations 
students may 
produce 
Anticipates 
Students’ 
Incorrect or 
Incomplete 
Thinking 
Evidence of 
anticipating 
students’ incorrect 
or incomplete 
thinking do not 
exist  
Vaguely describes 
incorrect thinking 
students may use when 
working on the task or 
vaguely describes 
incomplete ideas 
students may have 
about the task OR 
describes what 
students might NOT 
do and/or NOT notice 
during the task  
Specifically describes at 
least one incorrect way 
students may think about the 
task or specific question 
students might ask or 
difficulty students may have 
as they work on the task. 
However, the challenges and 
misconceptions do not 
represent an attempt to 
describe the many 
challenges or 
misconceptions that students 
may have  
Specifically 
describes incorrect 
ways in which 
students may think 
about the task or 
specific questions 
students may ask 
or difficulties 
students may have 
as they work on 
the task AND 
there is an attempt 
to identifying the 
many challenges 
or misconceptions 
students may 
encounter with the 
given task  
Plans for 
Monitoring 
Student Work 
on the Task 
Evidence of plans 
for monitoring do 
not exist 
Includes plans to 
“circulate around the 
room” or observe 
students as they work 
does not provide a 
monitoring tool  
Includes a blank monitoring 
tool without anticipated 
ideas/student responses  
Includes a 
monitoring tool 
with anticipated 
ideas/student 
responses or 
approaches to the 
task  
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Plans Questions 
to Elicit, 
Challenge, or 
Extend 
Students’ 
Thinking 
Evidence of 
specific example 
questions do not 
exist  
Provides a specific 
example question to 
ask students, but the 
circumstances in which 
the question will be 
asked is not detailed, 
not appropriate, or not 
designed to advance 
scientific thinking  
Provides several example 
questions to ask students, 
and includes the appropriate 
circumstances in which the 
question will be asked 
N/A 
Plans for a 
Storyline for 
How the 
Discussion 
Unfolds 
Evidence of a 
storyline or 
specific plans for 
how the 
discussion unfolds 
does not exist  
Provides an outline of 
the ideas/concepts and 
the order in which they 
will emerge  
Provides a vague script for 
how the discussion unfolds, 
however ideas/scientific 
concepts are missing  
Provides a detailed 
script including 
questions and/or 
answers teacher 
and students will 
ask AND script 
follows logical 
order of scientific 
ideas  
Plans to make 
connections 
between 
students’ ideas 
and to 
disciplinary 
ideas 
Evidence of a 
connections 
between students’ 
ideas and to 
disciplinary ideas 
or specific plans 
for how the 
discussion unfolds 
does not exist 
Provides an outline of 
strategies/idea, but no 
clear connection 
between conceptual 
ideas, representations, 
or students’ ideas etc.  
Provides plans to address 
how key ideas are 
represented differently in 
various representations.  No 
clear connection made 
between conceptual ideas 
and student strategies.   
Provides a detailed 
script or plans to 
support students to 
form connections 
between the shared 
strategies and 
between the shared 
strategies and 
representations and 
the underlying 
conceptual ideas, 
e.g., discussion of:
the pros and cons of 
various 
strategies/representat
ions, how a key idea 
is represented 
differently in the 
various 
representations and 
between the shared 
strategies and 
representations and 
the underlying 
conceptual ideas, the 
pros and cons of 
various 
strategies/representat
ions 
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Purposefully 
Selects and 
Sequences the 
Ideas that Will 
Emerge During 
the Discussion 
Evidence of 
selecting and 
sequencing ideas 
that will emerge 
does not exist  
Indicates student 
ideas/approaches will 
be selected during 
enactment, but does 
not detail sequence in 
lesson plan 
Provides purposeful 
selecting and sequencing of 
specific ideas and/or student 
representations/approaches 
that will emerge during the 
discussion, however ideas do 
not build on each other in a 
meaningful way 
Provides one or 
more purposeful 
selecting and 
sequencing of 
specific ideas 
and/or student 
representations/ap
proaches that will 
emerge during the 
discussion and 
ideas build on 
each other in a 
meaningful way  
Plans Marking 
Strategies to 
Highlight 
Important 
Ideas 
Evidence of 
marking strategies 
do not exist  
Vaguely describes the 
important ideas that 
will be marked during 
the discussion or does 
not provide the many 
important ideas   
Provides the many specific 
student ideas, scientific 
ideas, etc. that will be 
highlighted during 
discussion, but does not 
provide marking 
tool/table/representation that 
will be created  
Provides the many 
specific student 
ideas, scientific 
ideas, etc. that will 
be highlighted 
during discussion 
by creating a 
marking 
tool/table/represen
tation of ideas 
AND noting those 
ideas during 
storyline 
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D.3 COMPLETED ELEMENTS OF A HIGH-LEVEL TASK AND ELEMENTS OF A LESSON PLAN THAT 
SUPPORTS DISCUSSION SCORING RUBRICS 
 
Participant Name:  Kelly Hendrick    Coder Name:   Danielle Ross 
Lesson: DNA Structure and the Cell Cycle     
Date of Lesson Plan:  10/22/13     Instructional Performance 1  
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Elements of a HIGH LEVEL Task Scoring Rubric            
Maximum Possible Score (HLTR) = 10 
Elements of a 
High-Level Task 
No Evidence/Low 
Score = 0 
Medium 
Score = 1 
High 
Score = 2 
Score 
Assigned 
(0, 1, 2) 
Provide Evidence of Rationale for 
Assigned Score 
Defined Lesson 
Goal/Objective in 
Lesson Plan 
No Goal exists or Lists 
Performance Goal(s) 
only  
Lists Performance Goal(s) 
and General Learning 
Goal(s) 
Lists Performance Goal(s) and Specific 
Learning Goal(s) or only Specific 
Learning Goal(s) 2 
Performance Goals and Specific 
Learning Goals are provided.  
They are very detailed – LG “ the 
cell cycle includes…”  
Demand of Task No task provided or task 
provided is insufficient 
to assess 
Experimentation, Data 
Analysis/Interpretation, or 
Explanation task at Low 
level or any task at low 
level 
Experimentation, Data 
Analysis/Interpretation, or Explanation 
task at High level 2 
Students observe data and analyze 
the phase of mitosis the cell is in 
most of the time.         There is a 
clear question –“ Where does the 
cell spend most of its time?”  That 
the students are answering.   
Support of student 
engagement NGSS 
Science and 
Engineering 
Practices 
Evidence of support of 
student engagement in 
SEPs does not exist N/A 
Evidence of support of student 
engagement in SEPs  
2 
Analyzing data and constructing 
explanations.     
Task as designed 
supports student 
engagement in 
productive whole 
class discussion 
Evidence of task 
supporting whole class 
discussion does not exist 
Task allows students to 
provide explanations and 
ideas without justification 
or evidence 
Task allows students to share and 
discuss their thinking using artifacts 
created as a result of the task 2 
This task could lead to a 
productive discussion, There is 
clear planning for what the 
teacher will say and what the 
students will say.          
Students create 
artifacts as a result 
of the task 
Evidence of students 
creating artifact as a 
result of the task does 
not exist 
Students can create only 
one artifact as a result of 
the task 
Students can create multiple artifacts as 
a result of the task 2 
Students generate a representation 
as a result of the task depending 
on their choice – bar, line graph, 
etc. 
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Elements of a Lesson Plan that Supports Discussion Scoring Rubric 
Maximum Score Possible (LPDR) = 23 
 
Elements of 
Lesson Plan 
Supporting 
Discussion 
No Evidence 
Score = 0 
Low 
Score = 1 
Medium 
Score = 2 
High 
Score =3 
Score 
Assigned 
(0, 1, 2, 
3) 
Provide Evidence of 
Rationale for 
Assigned Score 
Anticipates 
Students’ 
Correct 
Thinking 
Evidence of 
anticipating 
students’ 
correct 
thinking does 
not exist 
Vaguely 
describes 
correct thinking 
students may 
use when 
working on the 
task OR 
describes what 
students might 
do and/or 
notice during 
the task 
Specifically 
describes at least 
one correct 
strategy/idea 
students may use 
when working on 
the task. But, the 
strategies/ideas do 
describe the various 
ideas/features/repre
sentations students 
produce as a result 
of the task 
Specifically describes 
correct ideas/thinking 
students may use when 
working on the task AND 
there is an attempt to 
identify the various 
possible strategies or 
representations students 
may produce 
3 
Anticipates students 
correct thinking 
regarding the pie 
chart. Pg. 5 
Anticipates 
Students’ 
Incorrect or 
Incomplete 
Thinking  
Evidence of 
anticipating 
students’ 
incorrect or 
incomplete 
thinking do 
not exist  
Vaguely 
describes 
incorrect 
thinking 
students may 
use when 
working on the 
task or vaguely 
describes 
incomplete 
ideas students 
may have about 
the task OR 
describes what 
students might 
NOT do and/or 
Specifically 
describes at least 
one incorrect way 
students may think 
about the task or 
specific question 
students might ask 
or difficulty 
students may have 
as they work on the 
task. However, the 
challenges and 
misconceptions do 
not represent an 
attempt to describe 
the many 
Specifically describes 
incorrect ways in which 
students may think about 
the task or specific 
questions students may 
ask or difficulties 
students may have as 
they work on the task 
AND there is an attempt 
to identifying the many 
challenges or 
misconceptions students 
may encounter with the 
given task  
 
3 
Clearly explains the 
possible 
representations and 
what each says 
about students’ 
understanding.  “I 
anticipate that 
several groups will 
make a bar graph 
with each phase 
given being a 
different bar.  This 
approach does work 
and shows the data, 
but it perhaps might 
not be the best 
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NOT notice 
during the task  
challenges or 
misconceptions that 
students may have  
answer to the 
question.  Ask the 
students why they 
think this design 
best shows the 
answer to the 
question?”   
Plans for 
Monitoring 
Student Work 
on the Task 
Evidence of 
plans for 
monitoring 
do not exist 
Includes plans 
to “circulate 
around the 
room” or 
observe 
students as they 
work does not 
provide a 
monitoring tool  
Includes a blank 
monitoring tool 
without anticipated 
ideas/student 
responses  
Includes a monitoring 
tool with anticipated 
ideas/student responses 
or approaches to the task  
3 
There is a 
monitoring tool with 
the specific student 
anticipated 
approaches in the 
tool.       
Plans 
Questions to 
Elicit, 
Challenge, or 
Extend 
Students’ 
Thinking  
Evidence of 
specific 
example 
questions do 
not exist  
 
Provides a 
specific 
example 
question to ask 
students, but 
the 
circumstances 
in which the 
question will 
be asked is not 
detailed, not 
appropriate, or 
not designed to 
advance 
scientific 
thinking  
Provides several 
example questions 
to ask students, and 
includes the 
appropriate 
circumstances in 
which the question 
will be asked 
N/A 
2 
There are clear 
questions to elicit, 
extend, or challenge 
students’ thinking 
and she also 
describes the 
circumstances in 
which these 
questions will be 
asked (see 
anticipating above 
for an example).    
Plans for a 
Storyline for 
How the 
Discussion 
Evidence of 
a storyline or 
specific plans 
for how the 
Provides an 
outline of the 
ideas/concepts 
and the order in 
Provides a vague 
script for how the 
discussion unfolds, 
however 
Provides a detailed script 
including questions 
and/or answers teacher 
and students will ask 
3 
There is clear 
evidence of a 
storyline for the 
discussion and it has 
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Unfolds discussion 
unfolds does 
not exist 
which they will 
emerge  
ideas/scientific 
concepts are 
missing  
AND script follows 
logical order of scientific 
ideas  
a logical progression 
of ideas.      
Plans to make 
connections 
between 
students’ ideas 
and to 
disciplinary 
ideas  
Evidence of 
a connections 
between 
students’ 
ideas and to 
disciplinary 
ideas or 
specific plans 
for how the 
discussion 
unfolds does 
not exist 
Provides an 
outline of 
strategies/idea, 
but no clear 
connection 
between 
conceptual 
ideas, 
representations, 
or students’ 
ideas etc.   
Provides plans to 
address how key 
ideas are 
represented 
differently in 
various 
representations.  No 
clear connection 
made between 
conceptual ideas 
and student 
strategies.   
Provides a detailed script 
or description to support 
students to form 
connections between the 
shared strategies and 
between the shared 
strategies and 
representations and the 
underlying conceptual 
ideas, e.g., discussion of: 
the pros and cons of 
various 
strategies/representations, 
how a key idea is 
represented differently in 
the various 
representations and 
between the shared 
strategies and 
representations and the 
underlying conceptual 
ideas, the pros and cons 
of various strategies 
/representations 
3 
Clear connections 
planned between the 
ideas and the 
disciplinary ideas by 
asking what is the 
best representation, 
etc. 
Purposefully 
Selects and 
Sequences the 
Ideas that Will 
Emerge 
During the 
Discussion  
Evidence of 
selecting and 
sequencing 
ideas that 
will emerge 
does not 
exist 
Indicates 
student 
ideas/approach
es will be 
selected during 
enactment, but 
does not detail 
sequence in 
lesson plan 
Provides purposeful 
selecting and 
sequencing of 
specific ideas 
and/or student 
representations/app
roaches that will 
emerge during the 
discussion, 
Provides one or more 
purposeful selecting and 
sequencing of specific 
ideas and/or student 
representations/approach
es that will emerge 
during the discussion and 
ideas build on each other 
in a meaningful way  
3 
There is a clear 
order for the 
discussion starting 
with line graphs and 
ending with pie 
charts.  This seems 
to be a clear logical 
progression of ideas.      
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however ideas do 
not build on each 
other in a 
meaningful way 
Plans Marking 
Strategies to 
Highlight 
Important 
Ideas  
Evidence of 
marking 
strategies do 
not exist 
Vaguely 
describes the 
important ideas 
that will be 
marked during 
the discussion 
or does not 
provide the 
many important 
ideas   
Provides the many 
specific student 
ideas, scientific 
ideas, etc. that will 
be highlighted 
during discussion, 
but does not 
provide marking 
tool/table/represent
ation that will be 
created  
Provides the many 
specific student ideas, 
scientific ideas, etc. that 
will be highlighted 
during discussion by 
creating a marking 
tool/table/representation 
of ideas AND noting 
those ideas during 
storyline 
1 
Evidence of a clear 
marking strategy is 
not provided.  She 
does vaguely state 
that she will write 
down what certain 
groups and students 
say, but doesn’t 
clearly indicate how 
or what.       
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APPENDIX E 
INTERVIEW PROTOCOLS 
E.1 INTERVIEW PROTOCOL FOR INTERVIEW 111 
Time when Interview was started: ___________  
PART 1 – What should be in a lesson plan?  
• For the first part of the interview, please describe the resources you used when 
planning your first lesson plan. 
• Ok, please tell me about the things you believe you should think about or consider 
when planning a science lesson.  
o Can you say more about (item that is unclear or brief)?  
o What do you mean by (term they used)?  
 
PART 2 – The PSTs’ lesson planning practices during the first semester of the teacher 
preparation program.  
• Ok, now I would like to ask you some questions related to your lesson planning in 
general.   
• I’d like you to talk about the things that influence your planning.  So I’ll start by 
asking, how do you decide what to include/not include in a lesson plan?  
o What role does your textbook or curriculum play in your planning? (sub-
prompts, if needed, may include: “How do you use your textbook or curriculum 
when you plan?”, “Does the textbook or curriculum influence your planning in 
any way?, if so, in what ways?”)  
o What other resources do you use when planning lessons? (prompts, if needed, 
                                                 
11 Adapted from Hughes, E.K. (2006). Lesson planning as a vehicle for developing pre-service secondary teachers’ 
capacity to focus on students’ mathematical thinking. (Unpublished doctoral dissertation). University of Pittsburgh, 
Pittsburgh, PA.  
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may include: “Besides the curriculum materials, do you seek out or use other 
resources when planning?  Do these resources influence your planning in any 
way, if so how?”) 
o What role does your mentor teacher play in your planning? (sub-prompts, if
needed, may include: “Do you discuss your lesson plans with your mentor
teacher?”, “Have you planned lessons together?”, “What kinds of things have
you discussed with your mentor teacher, with respect to lesson planning?”)
o What role does your university supervisor play in your planning? (sub-
prompts, if needed, may include: “Do you discuss your lesson plans with your
university supervisor?”, “Have you planned lessons together?”, “What kinds of
things have you discussed with your university supervisor, with respect to lesson
planning?) In what ways are the lesson plans you provide for your university
supervisor similar and different from those you usually produce?
o What other things influence your planning? Move on only after teachers have
offered as many factors as they can.(these could include such things as: time
constraints (either in the time they have to devote to planning or in the time they
have to teach something), things they are learning/doing in their teacher
education program, their beliefs about what it means to learn and do mathematics
and about students, resources available, PSSA, parents, students, etc.).
o Do you believe your planning has changed in any ways, over the course of
this semester? If yes, then Can you describe the ways in which your planning
has changed?
o Are there any other ways in which you believe your planning has changed?
o Is there anything else you would like to say about your lesson planning?
PART 3 – Talking about instructional performances the teacher has written: 
(Prior to the interview, teachers were asked to bring a the instructional performances 
they completed during the semester.  For each IP, you will proceed through this section of 
questions.)    
• For this part of the interview, I’d like to discuss the lesson plans that you were
asked to bring with you today. First I’d like to ask a few questions about the
lesson and then I would like for you to talk in more detail about the lesson plan
you’ve written.
o What class/course is this lesson plans for? How many sections of the
course do you teach? Which period(s)? (be sure to get the Subject of the
course (e.g., Biology, Life Science, Conceptual Physics, etc.) & have them
explain any descriptors, such as PPS, AP, Honors, etc.)
o How long have you been teaching this course and section?
o How long have you been making lesson plans for this course and section?
( be sure to distinguish between teaching and planning)
o Earlier, you identified some things that influence your planning. I’d like
to ask about the role they played in planning this specific lesson. For
example,…Referring to things the teacher identified in Part 2 of the interview
that influence their planning, ask if these were factors present in planning this
lesson by using the following prompts as appropriate:
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 In what ways did you use your textbook in planning this lesson?
 Did you plan this lesson with your mentor teacher?
 Did you plan this lesson with your university supervisor?
 In what ways did you use the “Learning Cycle” in planning this
lesson?
 In what ways did you use the “Five Practices” in planning this
lesson?
 Now I’d like you to walk me through this lesson plan, providing as
much detail as possible about your thinking when you planned it?
 Probes: You should probe on anything related to the four key elements
of planning a high-level task and supporting a discussion
 Use the general probes below to offer teachers an opportunity to
provide more specificity if they are thinking about one or more of
these elements, but do not specifically prompt them on any of the
elements listed above.
• Can you say more about (lesson element that is unclear)?
• What do you mean by (term they used)?
• Can you say more about why you decided to (decision that is
interesting)?
** If aspects of the written lesson plan are not brought up by the PST, (e.g., they have a 
goal written on their lesson plan, but have not yet talked about the goal of the lesson) then ask 
about them…“I noticed you have (x) in your lesson plan here, can you tell me about that?  
• Is there anything (else – if appropriate) that you thought about in planning the lesson
that is not included in your written lesson plan?
• In looking at the list you made earlier of the things you think you should think
about when planning a lesson, I’d like you to talk about whether or not you think
this lesson plan included all of the aspects you identified as important. Are there any
aspects that are on the list that are missing from this lesson plan?
** Provide a copy of the course timeline for the PST to examine.  
• After examining this course timeline, could you please identify and explain the
classes and/or topics that you feel had the greatest influence on your planning.
• Give the PST a few minutes to examine the timeline.  Ask PST to circle topics that had the
greatest influence on his/her planning.
• Ok, great.  I noticed you circled…. Could you please tell me how you feel this course
influenced your planning?  Continue this line of questioning until you have addressed
all the circled items.
** If the PST does not identify any specific topics above.  You may specifically probe 
using these questions.  (The “Learning Cycle” and the “Five Practices” were introduced in your 
coursework this semester.) 
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• What role, if any, has the “Learning Cycle” and/or “Five Practices” played in your 
planning?  
• Is there anything else you would like to say about your planning for this lesson or 
lesson planning in general?  
Ok, great. Thank you very much for participating in this interview. 
Time interview ended: __________
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E.2 INTERVIEW PROTOCOL FOR INTERVIEW 212 
Time when Interview was started: ___________  
PART 2 – The PSTs’ lesson planning practices during the second semester of the teacher 
preparation program.  
• Ok, now I would like to ask you some questions related to your lesson planning in 
general.   
• I’d like you to talk about the things that influence your planning.  So I’ll start by 
asking, how do you decide what to include/not include in a lesson plan?  
o What role does your textbook or curriculum play in your planning? (sub-
prompts, if needed, may include: “How do you use your textbook or curriculum 
when you plan?”, “Does the textbook or curriculum influence your planning in 
any way?, if so, in what ways?”)  
o What other resources do you use when planning lessons? (prompts, if needed, 
may include: “Besides the curriculum materials, do you seek out or use other 
resources when planning?  Do these resources influence your planning in any 
way, if so how?”) 
o What role does your mentor teacher play in your planning? (sub-prompts, if 
needed, may include: “Do you discuss your lesson plans with your mentor 
teacher?”, “Have you planned lessons together?”, “What kinds of things have 
you discussed with your mentor teacher, with respect to lesson planning?”)  
o What role does your university supervisor play in your planning? (sub-
prompts, if needed, may include: “Do you discuss your lesson plans with your 
university supervisor?”, “Have you planned lessons together?”, “What kinds of 
things have you discussed with your university supervisor, with respect to lesson 
planning?) In what ways are the lesson plans you provide for your university 
supervisor similar and different from those you usually produce?  
o What other things influence your planning? Move on only after teachers have 
offered as many factors as they can.(these could include such things as: time 
constraints (either in the time they have to devote to planning or in the time they 
have to teach something), things they are learning/doing in their teacher 
education program, their beliefs about what it means to learn and do mathematics 
and about students, resources available, PSSA, parents, students, etc.).  
o Do you believe your planning has changed in any ways, over the course of 
                                                 
12 Adapted from Hughes, E.K. (2006). Lesson planning as a vehicle for developing pre-service secondary teachers’ 
capacity to focus on students’ mathematical thinking. (Unpublished doctoral dissertation). University of Pittsburgh, 
Pittsburgh, PA.  
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this semester? If yes, then Can you describe the ways in which your planning 
has changed?  
o Are there any other ways in which you believe your planning has changed?  
o Is there anything else you would like to say about your lesson planning? 
 
PART 2 – Talking about instructional performances the teacher has written:  
(Prior to the interview, teachers were asked to bring a the instructional performances 
they completed during the semester.  For each IP, you will proceed through this section of 
questions.)    
• For this part of the interview, I’d like to discuss the lesson plans that you were 
asked to bring with you today. First I’d like to ask a few questions about the 
lesson and then I would like for you to talk in more detail about the lesson plan 
you’ve written.  
o What class/course is this lesson plans for? How many sections of the 
course do you teach? Which period(s)? (be sure to get the Subject of the 
course (e.g., Biology, Life Science, Conceptual Physics, etc.) & have them 
explain any descriptors, such as PPS, AP, Honors, etc.)  
o How long have you been teaching this course and section?  
o How long have you been making lesson plans for this course and section? 
( be sure to distinguish between teaching and planning)  
o Earlier, you identified some things that influence your planning. I’d like 
to ask about the role they played in planning this specific lesson. For 
example,…Referring to things the teacher identified in Part 1 of the interview 
that influence their planning, ask if these were factors present in planning this 
lesson by using the following prompts as appropriate:  
 In what ways did you use your textbook in planning this lesson?  
 Did you plan this lesson with your mentor teacher?  
 Did you plan this lesson with your university supervisor?  
 In what ways did you use the “Learning Cycle” in planning this 
lesson?  
 In what ways did you use the “Five Practices” in planning this 
lesson?   
 Now I’d like you to walk me through this lesson plan, providing as 
much detail as possible about your thinking when you planned it?  
 Probes: You should probe on anything related to the four key elements 
of planning a high-level task and supporting a discussion 
 
 Use the general probes below to offer teachers an opportunity to 
provide more specificity if they are thinking about one or more of 
these elements, but do not specifically prompt them on any of the 
elements listed above. 
• Can you say more about (lesson element that is unclear)?  
• What do you mean by (term they used)?  
• Can you say more about why you decided to (decision that is 
interesting)?  
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** If aspects of the written lesson plan are not brought up by the PST, (e.g., they have a 
goal written on their lesson plan, but have not yet talked about the goal of the lesson) then ask 
about them…“I noticed you have (x) in your lesson plan here, can you tell me about that?  
• Is there anything (else – if appropriate) that you thought about in planning the lesson
that is not included in your written lesson plan? 
• In looking at the list you made earlier of the things you think you should think
about when planning a lesson, I’d like you to talk about whether or not you think 
this lesson plan included all of the aspects you identified as important. Are there any 
aspects that are on the list that are missing from this lesson plan?  
** Provide a copy of the course timeline for the PST to examine.  
• After examining this course timeline, could you please identify and explain the
classes and/or topics that you feel had the greatest influence on your planning.
• Give the PST a few minutes to examine the timeline.  Ask PST to circle topics that had the
greatest influence on his/her planning.
• Ok, great.  I noticed you circled…. Could you please tell me how you feel this course
influenced your planning?  Continue this line of questioning until you have addressed
all the circled items.
** If the PST does not identify any specific topics above.  You may specifically probe
using these questions.  (The “Learning Cycle” and the “Five Practices” were introduced in your 
coursework this semester. ) 
• What role, if any, has the “Learning Cycle” and/or “Five Practices” played in your
planning? 
• Is there anything else you would like to say about your planning for this lesson or
lesson planning in general?  
PART 3 – Talking about planning and implementing discussion in general: 
• Did you teach any other discussion lessons besides the ones we discussed during
the year?
o How did those lessons compare to these Instructional Performances?
• Describe anything that hindered your ability to plan and teach discussion lessons
like these during the year.
Anything else you would like to add or questions you would like to ask?  
Ok, great. Thank you very much for participating in this interview. 
Time interview ended: __________ 
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E.3 INTERVIEW CODING DEFINITION RULES  
Code Definition         Example Interview Excerpts 
Mentor 
Support 
Describes how mentor 
supported PST's planning 
and/or task 
selection/design 
 
Planning 
Mentor supported in 
planning of lesson in a 
variety of ways  
So the task that I had them do for that was a – was a two-
dimensional collision simulation.  Um, it was a PhET 
simulation and, um, my mentor was more involved with 
that one – at least – at least with setting up the ov-, 
helping me set up the overall structure and, um, seeing 
some of the things that we wanted to emerge from that.   
Logistics 
Mentor supported with 
behavioral, classroom 
management, or logistical 
planning 
She was the one that said we couldn’t have 4 different 
groups all scattered about the room. She had suggested 
maybe having smaller groups, and having the other 
students on working on something, when someone came 
up. 
Task Design 
Mentor supported in 
design or selection of task 
for the lesson 
So a lot of them are just tasks that my mentor teacher has 
used before. We sit down a day or few before we use 
them. She says these were the parts of the tasks that I did 
like last year. Then we just talk about, we alter them 
together. 
None No evidence of mentor support 
With my mentor teacher usually for Integrated Science, 
she kind of stays hands off of that one. That she is like, 
that’s yours now. 
School/Team 
Support 
Other teachers or their 
grade level/curriculum 
team at school provide 
planning support for PST 
But also we have PLCs. So I collaborate a lot with the 
other teachers. Everyone that I teach with is kind of a 1st 
year, or 2nd teacher, whether that’s because of a career 
change or what. 
Anticipate 
Mentor supported PST in 
anticipating students' PK 
and experiences, what 
they will say/do, what 
they will notice, or think 
So she helped me anticipate kind of what students would 
say. I would say, “Okay, well, I think I’m going to teach 
it this way.” She’s like, “Well, but what if they say this?” 
Selecting & 
Sequencing 
Mentor support PST in 
selecting and/or 
sequencing student 
work/ideas in planning 
for the discussion 
We talked together about selecting and sequencing. That 
helped immensely because it was the first time I’d done 
all 5 practices.  She didn’t help a lot, but she knew more 
about the students than I did. It was more like, “Are sure 
you want them to talk about that, because I think they 
might have better kind of prior knowledge,” and things 
like that.” Maybe something that I hadn’t noticed before, 
in being more of a passive observer. 
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Supplies 
Mentor supports PST in 
gathering or identifying 
necessary supplies and 
materials for the lesson 
In the actual planning, not like a huge part. He gave me 
all the materials. So I should say he played a part and 
that he let me do it myself, kind of. 
Instruction 
Mentor gives PST 
feedback or support 
regarding instruction 
post-lesson  
So, he doesn’t give me a whole lot of feedback on my 
plans, mostly on just my implementation. 
Supervisor 
Support 
Describes how supervisor 
supported PST's planning 
and or task 
selection/design 
Logistics 
Supervisor supported 
with behavioral, 
classroom management, 
or logistical planning 
So say, for instance, I could have set everybody up to do 
this at a time with something projected on the Smart 
Board, but I didn’t plan for that.  That would be a type of 
feedback she would give me. 
Planning 
Supervisor supported in 
planning of lesson in a 
variety of ways 
So he was kind of able to help me see where students 
would think, or um, help them, like, design a task that 
would really get to the ideas of types of reactions, 
without just telling the student, “This is what it is, this is 
what it looks like.”  But letting them determine what it 
looks like on their own, so that they could put it in their 
own words.   
Task Design 
Supervisor supported in 
design or selection of task 
for the lesson 
We were talking about we spent a lot of time looking at 
the 4 different scenarios, curves, swings and over under 
hills. We center on those because those are the classic 
basic examples like, you’ll always have a problem when 
you are going down a hill or over a hill, but you need to 
know how to go through a curve, or just in a circle. 
None No evidence of supervisor support 
My supervisor didn’t give me any feedback because that 
was my fault, because I didn’t put up my lesson 48hours 
in advance, let alone 24 hours in advance. So, I didn’t 
get any feedback from her in advance on this one. 
Instruction 
Supervisor gives PST 
feedback or support 
regarding instruction 
post-lesson 
For example, one thing that he’s done that’s been very 
helpful is making me think about, what did I do right in 
this lesson. And if I did the same thing would it go right, 
if I taught in this different classroom. 
First Lesson 
Resources 
Resources PST used to 
design task and plan first 
lesson 
Personal Texts 
PST describes use of 
personal textbooks or 
texts in planning and 
designing task and/or 
lesson 
I had also used some resources from college. So, for my 
undergrad I used a textbook that I had, that talked about 
product squares and about meiosis.  
Personal 
Knowledge and 
Experiences 
PST describes using 
personal experiences or 
knowledge in planning 
and designing task and/or 
lesson 
I used for my resources, mostly going back through what 
I remember doing; I worked as a TA in the labs for 
genetics in college. We did worksheets about pedigree 
analysis. 
319 
School 
Curriculum 
PST describes use of 
school curriculum or 
district materials in 
planning and designing 
task and/or lesson 
I think the first resource I went to was a Conceptual 
Physics book that was given to me actually the summer 
before I worked with my mentor teacher. 
Web-Based 
PST describes use of 
internet or web-based 
services in planning and 
designing task and/or 
lesson 
A lot of it was me searching online. I think I went to 
Teachers pay Teachers, and more kind of browsed 
through tasks that existed. 
Standards 
PST describes use of 
standards (PA standards, 
NGSS, NSDL, etc.) in 
planning and designing 
task and/or lesson 
Standards wise I went through PDE websites. I don't 
recall at this time, how I did big ideas of learning goals 
or objectives, or if I even included them. 
Resources 
Resources PST used to 
design task and plan 
lesson 
 
School 
Curriculum 
PST describes use of 
school curriculum or 
district materials in 
planning and designing 
task and/or lesson 
So, the school textbook plays a lot into helping me 
develop my learning goals. So, that’s really where I 
usually go for my learning goals. Those are also based 
off my standards. I get the standards usually from my 
curriculum. 
Web-Based 
PST describes use of 
internet or web-based 
services in planning and 
designing task and/or 
lesson 
So the task that I had them do for that was a – was a two-
dimensional collision simulation.  Um, it was a PhET 
simulation. 
Personal Texts 
PST describes use of 
personal textbooks or 
texts in planning and 
designing task and/or 
lesson 
So I use all of my books. I’ve just acquired some of my 
books from college, Introductory Physics. 
Peer Lesson 
Plans 
PST describes use of 
peers’ materials or lesson 
plans in planning and 
designing task and/or 
lesson 
I do talk to the other kids in class, about how they have 
done things, like especially since Kelly has already done 
like everything already, because she has block 
scheduling, and everything. 
Personal 
Knowledge & 
Experiences 
PST describes use of 
personal knowledge, 
learning, or own 
experiences in science in 
planning and designing 
task and/or lesson  
So I mean this – this was something we talked about in 
my physics class.  So I knew that it was – and it landed 
with me so I thought maybe it would land with these kids, 
too. 
Standards 
PST describes use of 
standards (PA standards, 
NGSS, NSDL, etc.) in 
planning and designing 
task and/or lesson 
Now I use the SAS website for the eligible content and 
standards. They also have the voluntarily model 
curriculum which I will just go to, to look for the 
resources that they suggest. I have recently started using 
the NSDL. 
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Mentor Created 
Materials 
PST describes use of 
materials created by 
his/her mentor in 
planning and designing 
task and/or lesson 
The textbook is pretty much, not used at all. My mentor 
has created this really cool tool. She has this, at the 
beginning of the year she sends all this stuff down to, like 
there is like a printer in the school. This huge industrial 
printer.  She has these books binded, that the kids then 
have all the materials that we need for the class 
throughout the entire year in there.  
Family/Friends 
PST describes use of 
family or friends in 
planning and designing 
task and/or lesson 
I ask my girlfriend stuff all the time, so I was like, “Why 
do you think? I remember this was the first time that I did 
it. I asked her “Why are plants green?” She was just like, 
“I don't know.” Same thing as like my kids would say. So 
I started trying to get her to think about it.  
University 
Instructors 
PST describes use 
university instructor 
support in planning and 
designing task and/or 
lesson 
We also used, one of our professors, gave us some 
suggestions on how we might do that, because I had a 
very hard time deciding what those patterns were, that I 
really wanted the students to see. 
Five Practices 
PST discusses use of the 
Five Practices 
Instructional Model in 
planning for task-based 
discussion 
Anticipating 
PST describes how 
students are likely to 
respond during task 
Think About 
PST describes thinking 
about anticipating, but 
does not explicitly 
include his/her thinking 
in the LP 
I will say that I often forget to include my anticipation for 
sooner response like I’m thinking it. I want to come up 
with the questions without thinking like, what they might 
be answering it. But I will admit in my writing, what I am 
thinking is never always on the paper, but sometimes I 
think that it’s there. 
Logistics 
Describes anticipating 
classroom/behavior 
management or other 
logistical issues 
So setting forth the expectations and kind of describing to 
them what it should look like and telling them they should 
be responding to each other and that's okay.   
Students Do 
Describes anticipating 
what students will 
do/see/notice during the 
lesson 
I anticipate what I think students will do, and then they 
do 8 million other things that I didn’t anticipate. 
Students Think 
Describes anticipating 
what students will think 
during the 
task/approaches to the 
task/etc. (as defined by 
Cartier et al., 2013) 
As far as anticipating, I think I have my expected table 
that I thought they would draw which I , again, changed 
a couple of hours before. So, I included the different 
demos, and then what I wanted them to write on the 
micro the nano. And then what I thought they might draw 
for the symbolic. 
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Identifies None 
No planning of 
anticipating or 
identification of 
anticipating in PST lesson 
plan 
I don't have a whole lot of that in here. I have like right 
here; I guess that’s more about my thinking process 
going on here. Maybe I really don't know. I guess that I 
have a lot more things about what I was going to be 
thinking about. 
Monitoring 
Plans to keep track of 
what students actually do 
as they work on the task 
in pairs or small groups 
and plans questions to 
elicit student thinking 
during this work 
Monitoring 
Tool 
PST discusses use of a 
monitoring tool, or aid, in 
planning lesson  
I think I would say that, every monitoring tool that I have 
made, like none of them have been perfect. I think 
obviously that’s something that comes with time, but not 
trying just putting it out there. 
Functional 
PST creates monitoring 
tool that is functional for 
them, but not a tool that is 
useful in terms of LGs or 
features of student 
thinking as described by 
Cartier et al. (2013) 
So, what prompted me was we totally had it, we needed 
to have it. So, if you actually look my monitoring tool, it 
is just a layout of the classroom with student numbers, 
and names on it. 
Features 
PST creates a monitoring 
tool that focuses on LGs 
or student 
ideas/approaches to a 
task... Focuses on 
features PST wants 
students to notice... "a 5P 
monitoring tool"  
A monitoring tool, and I knew the types of things I 
wanted to see and I knew the types of things that I did not 
want to see.  So those were the ideas that I knew. 
Plans Questions 
PST discusses his/her 
planning of questions to 
elicit student thinking 
during small group work 
So, I have guiding questions for each dataset that I was 
going to ask the students. Making sure that I got them to 
really focus on the pattern that I wanted them to see. 
No Tool 
PST discusses his/her 
planning of questions to 
elicit student thinking 
during small group work 
For this one, I believe, let me check real quick.  I did not 
have a monitoring tool for this lesson. 
Selecting 
PST discusses selecting 
groups/students to present 
during the discussion 
Think About 
PST describes thinking 
about selecting, but does 
not explicitly include 
his/her thinking in the LP 
I don't like going blind into things. So I know that I would 
have thought through it, but maybe not to the point of 
being able to articulate well into the paper. 
During Lesson 
PST selects during the 
lesson and does not 
specifically plan it 
But what I was trying to do was just in the moment like 
select and sequence things and that can kind of get, you 
know, within a, basically a five minute window to make a 
final decision. 
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Identify 
Groups/Sts 
PST describes explicitly 
identifying or choosing 
groups or students in 
his/her plan 
Like which groups I wanted to talk. Then they had 
numbered orders, and then I put little questions to help 
me remember what I wanted. If nobody else asked this 
question, then I would say blah, to get out of that group 
what I wanted them to say so as far as the sequencing. 
Sequencing 
PST discusses sequencing 
groups/students during 
the discussion 
 
Think About 
PST describes thinking 
about anticipating, but 
does not explicitly 
include his/her thinking 
in the LP 
I don't think so, I think I put, I will choose them 
randomly. So, I didn’t feel like I needed to sequence them 
in any kind of specific order. 
During Lesson 
PST sequences during 
lesson, but no attempt 
made in planning 
I don't think so, I think I put; I will choose them 
randomly. So, I didn’t feel like I needed to sequence them 
in any kind of specific order. 
Identify 
Groups/Sts 
PST describes explicitly 
sequencing groups or 
students in his/her plan 
Because it is an important part of getting the 
conversation to go where you want to go, without 
realizing it is where you’ve been wanting to go. That’s 
how I kind of use sequencing. So in order for the kids to 
think that they are in control, I have to have some idea of 
where I am going to go with it.   
Connecting 
PST describes connecting 
students’ ideas with one 
another and connecting 
their responses to the 
disciplinary ideas 
 
Storyline 
PST plans a detailed 
storyline and/or script to 
plan for the discussion 
I tried to do something like, I know that you’re supposed 
to do it whenever you’re telling a story.  Like, you plan 
the beginning, you plan the end, and then you have 
certain set points along the way that you want to hit, and 
you’re not sure how you’re going to get there, but you 
know that eventually you want to get to Point A, Point B, 
and Point C and, like, the end. 
Outline 
PST creates an outline of 
ideas/questions during the 
discussion 
Um, but the stuff in the middle, I find that I do better if I 
don’t script it.  Like, I have an idea of who’s going where 
and what they need to say, and that’s usually, like, this, 
like my scaffolding questions, I know who’s gonna talk 
and if these don’t come up I’m gonna ask these things.  
Yeah I still have questions and everything like that; it’s 
just less… “say this, say this” kind of thing. 
Questions 
PST only discusses a list 
of questions to ask during 
the discussion, but it is 
not explicit in his/her 
planning 
I had a series of 5 different questions that I would ask for 
them. Then under each of those I had what idea may 
emerge and then the misconception. 
Think About 
PST admits thinking 
about connecting of some 
sort, but it isn't in the LP  
So, according to my lesson plan, I didn’t. But thinking 
about the weekend and like when I had the time, to kind 
of set up for it. Basically I knew I wanted the students to 
do a lot of the talking to try to come up with this idea. 
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Plans Questions 
PST plans a list of 
questions to ask during 
the discussion 
But for the most of part it was me wanting to make sure 
that I had really covered the entire scope of what the 
discussion was supposed to be about. Instead of just 
letting it, okay so we are talk about this, but how we talk 
it and that, it doesn’t really matter.  So I really wanted to 
make sure that we are talking about it in a coherent 
matter so that it wasn’t just a chaotic discussion. And 
they were actually able to get those connections out of 
what they were supposed to be reading. 
Plans for 
Marking/ 
Charting 
PST clearly plans for 
ideas to mark and/or chart 
during the lesson 
I think for this one we made a group or as a class we 
made a big one. But on the PowerPoint, we did kind of a 
class one of these with what we thought was as a class 
the most correct representations for the micro, the nano 
and the symbolic for each one. 
Acknowledge 
difference 
PST acknowledges or 
eludes to the fact that the 
5P is a different type of 
discussion than other 
discussions or student 
talk 
I don’t know that I ever did a full – full five practices.  A 
lot of times I would do, um – or it wasn’t structured quite 
as formally, where the – if the students might generate 
artifacts in small groups, and then if ha – instead of 
having, like, the class discussion around one or two, like 
selecting and sequencing individually, I would put them 
all up on the board, um, and we would kind of work as a 
class to develop a single mode. 
No difference 
PST does not clearly 
acknowledge there is a 
difference between the 5P 
discussions and other 
discussions 
 
Other 
Instructional 
Frameworks 
PST used another type of 
framework, like the 
learning cycle, 5E, 
bloom's taxonomy, etc. 
 
Learning Cycle 
PST explains that he/she 
used the learning cycle 
during her planning of 
this lesson 
Good question. I think a little bit because I did have like 
and engage, and then explore. And then explain would be 
our discussion that we had about it. So, I would say, 
yeah. We did focus on the learning cycle on what did 
there, I would say. 
Engage 
PST acknowledges that 
this lesson is an “engage 
type” lesson 
The second one was definitely I think an engage. Because 
once we got past this lesson we didn’t talk about who 
discovered DNA so much, but we talked about the 
structure and that’s what launches into the structure of 
DNA in transcription and translation. 
Not Used PST states the LC is not used during planning 
I would say not quite, no.  I don’t think I used really the 
learning cycle for this lesson. 
Coursework 
vs. Daily 
PST describes how 
his/her coursework 
planning differs from 
daily planning 
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Same 
PST indicates planning 
for coursework and daily 
planning is the same in 
terms of effort and detail 
They’re the same. I think maybe I’m one of the few that in 
talking my progress. Maybe I’m one of the few that does 
it, but I tend to put the same amount into every lesson 
plan that I do when my supervisor comes. They’re maybe 
slightly more detailed. But on the whole, they’re pretty 
much the same. I tend to spend a lot of time writing 
lesson plans. 
Less Detailed 
PST indicates less detail 
in coursework lesson 
plans 
N/A 
More Detailed 
PST indicates more detail 
provided in coursework 
lesson plans 
Maybe whenever I have a like whenever I’m actually 
turning something in, or whenever I have an observation 
coming up, I will put in a little bit, like I will try to make 
my thinking a little bit more transparent. Because you 
know like, “Well I thought about that while I was writing 
it.” They are not going to know that I was thinking about 
that. 
Reflection 
influence on 
Future LPs 
PST indicates influence 
of teaching the lesson and 
reflecting on the lesson 
on future IPs or LPs 
So, yeah, um, the big takeaway to me with the discussions 
is just describing what the discussion is supposed to look 
like. 
Logistics 
PSTs focuses on 
logistical changing in 
planning, e.g., grouping, 
classroom management, 
behavioral management  
Absolutely. My first one I had them like in my lesson 
plans it says that I was I going to get them in to a circle, 
but then I did not do that, because 4th period, I had some 
misbehaviors in that class. So I opted just to keep them 
facing forward. It was very difficult, I felt like I had to the 
majority of the talking. 
Then in the second one, even though there had been like 
a little conflict right before the discussion started, I had 
them in them in a U. They could all see each other, they 
all had their planes and the data if they took any, showed 
and displayed for the other students 
Think About 5P 
PST describes thinking 
about how to incorporate 
or revise discussion using 
the 5 Practices 
My planning changed a little bit in that I did decide how 
I was going to sequence students.  I thought a little bit 
more about which students I wanted to talk about which 
datasets. 
Include in 
Planning 
PST clearly indicates 
he/she included revisions 
to 5 Practices in planning 
Yes, anything that I think worked. So like all the 
anticipation that I realized totally paid off because I was 
able to like sequence them pretty well. First time I was 
like, definitely I will do that again. 
Did not include 
in planning 
PST indicates he/she 
didn’t include evidence of 
5 Practices in planning 
A 5 practice model where they would maybe do 
something and then try to discover these principles on 
their own to give us, to give me this actual, like, this new 
knowledge that they’ve come to.  I really haven’t done 
that. 
Anticipating 
PST includes how 
students are likely to 
respond during task 
I think that I try and do a lot of anticipating.  I mean I try 
and really – not ha – I mean I put that sort of extra 
column in there for student work as – as a way to really 
explicitly make myself anticipate what students are 
doing. 
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Monitoring 
PST discusses use of a 
monitoring tool, or aid, or 
lack of influencing 
planning lessons or 
planning questions to 
elicit students thinking  
Um, but reflecting on it now, it’s something that maybe I 
would have done to capture more student thinking rather 
than, um, their collection of data.  So, because the 
discussion itself kind of fell to pieces in the end, because 
I think I really didn’t know who had certain ideas, and 
there really was no sequence there in the end, because I 
didn’t know who I wanted to have talk first, and where I 
wanted that to go. 
Selecting 
PST discusses selecting 
groups/students to present 
during the discussion 
As far as practical things go, I think you have to be really 
careful.  I think you need to give yourself a night to look 
at - to look at what they created.  
Sequencing 
PST discusses sequencing 
groups/students during 
the discussion  
I have more examples of how exactly I was going to 
question students, and the ways in which I was going to 
sequence which students were going to talk first.  So, 
scaffolding the discussion in a more advanced way 
Connecting 
PST describes connecting 
students’ ideas with one 
another and connecting 
their responses to the 
disciplinary ideas 
I have more examples of how exactly I was going to 
question students, and the ways in which I was going to 
sequence which students were going to talk first.  So, 
scaffolding the discussion in a more advanced way. 
Remove Parts 
PST states that he/she has 
started to remove parts of 
their lesson plan they 
used to include b/c of 
more experience, time 
constraints, etc.   
Actually I think – I think I started taking some things out 
– from last semester.  I dunno, and I have apparently –
I’ve been told – a tendency to write really, really long 
lesson [laughs] plans.   
More Student 
Talk 
PST states that he/she 
incorporate mores 
student talk in lessons 
So yeah, I use elements of it all the time.  So just the idea 
– the ideas in the discussion – I forget which chapter it is,
but just having a discussion and – and what the teacher's 
role should be in a student centered discussion, that sort 
of thing is something that I use.   
Activity 
Structures 
PST states that he/she 
uses various activity 
structures used in 
teaching 
Discussion based off of, like, mitosis and meiosis.  But 
I… do use discussion a lot more now – not in the whole, 
you know, necessarily based on activity but, um, the 
think, pair, share activity structure. 
Success Builds 
Confidence 
PST explains that 
his/her/students success 
in one 5 practices 
lesson builds 
confidence to plan 
more lessons like this 
Um, from the beginning, this, like, I – I guess I got lucky 
with that very first one.  Like, I had really intense 
planning, ‘cause I knew my mentor wasn’t gonna be 
there, it was gonna be really stressful, and I, like, 
planned the whole thing -  and – and it worked.  So then 
every time I have to do one of these lessons I just kind 
of… plan the same way, because it worked.  It was one of 
those “if it ain’t broke, don’t fix it”, you know? 
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Important 
Coursework 
Sessions 
PST indicates important 
coursework sessions in 
Teacher Preparation 
Program that influenced 
and supported planning of 
5P discussions  - PST 
must circle and discuss 
session as important in 
order for it to be coded 
 
T&L 1 
Classes during Teaching 
and Learning 1/JumpStart 
– First two weeks of the 
fall semester.   
 
Fastplants 
Class 1 & 2 - Sessions 
engaging in Science As 
Learners - A model of 
engaged learning - the 
Fastplants measurement 
lesson 
Okay, yeah, I’m trying to think. So definitely, when we 
started talking about the model of engaged science 
learning, California is on the Direct Interaction 
Instruction, so the DII model. So pretty much everything 
I’d ever grown up with was just lectures. High school, we 
do lectures, college, we do lectures. 
LP Intro Class 5 - Introduction to Lesson Planning session 
Yeah, and then let’s see. The introduction to lesson 
planning. So that was a really enlightening day just like, 
what are we supposed to include in the lesson plan? I 
had my thoughts, and I compared them against, I looked 
up other high school science lesson plans to try, and 
figure out what it would be. 
NGSS 
Sessions topics including 
the Next Generation 
Science Standards 
So for the next generation science standards and we 
talked about the science and engineering practices. To 
me this was really what the heart of what, especially in 
my school that science education really needs to be 
about. Is it needs to be about these practices, and in the 
principles that underlie science as a discipline, as 
opposed to the specific content ideas. 
T&L 2 
Classes during Teaching 
and Learning 2 – 
remainder of fall semester 
 
LGs & 
Objectives 
Class 1 - Sessions 
focusing on creating 
learning goals and 
objectives/performance 
goals 
So, then once we got to discipline block 2, learning goals 
and objectives are really important. Because especially 
after the very, very first lesson plan we did, I learned the 
importance of selecting learning goals first before you 
look for a task. Because that’s really what you want to 
students to know. 
Task Selection 
Class 1 -Sessions 
focusing on selecting and 
designing high demand 
tasks    
Then after that is when you get to the task selection. It is 
okay to find a task and change it. It is okay to only use 
part and mix and match, but the task needs to match to 
the learning goals, and not the other way around.  
Anatomy of a 
Lesson 
Class 1 - Sessions about 
components of a Lesson - 
Launch, Activity/Body, 
Close 
Anatomy of a lesson, I think that was helpful. 
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Launch Class 1 - Microteaching episode 
When I was in high school or even in college, in the lab 
warm up questions, so the whole thought to me was like 
really bizarre just in general. Like why don’t we come in 
and just start the lesson? I was really mystified probably 
a couple of weeks as to why we needed a warm up, or 
anything.  But learning how to engage students in the 
topic of the day I thought that was really neat. It’s still 
something that sometimes I struggle with like I don’t even 
remember now, oh electron configuration. They were 
having a tough time. They were like, “How does this 
connect to our life?” 
Five Practices 
Class 3 & 4 - Sessions 
where students participate 
in role plays of the Five 
Practices model 
So, I think that microteaching part was really the most 
influential for me to actually see how it would play out. 
S, S, & C 
Class 4 - Selecting, 
Sequencing, & 
Connecting 
So, like that didn’t click for me for much longer time, but 
the selecting and sequencing, all time I would be walking 
around the classroom and I would realize, there is 3, 4 
students that aren’t getting it. So I want to hear from 
them before I hear from the ones that do get it.   It started 
to make a lot more sense to me like; I’m not going to go 
to these same people all the time. If I want to make it 
easy on myself that’s what I would do, but that’s not 
really helping the rest of them. So, I started selecting and 
sequencing a lot more based upon that.   Then that made 
more sense to me with the whole 5 practices thing is, that 
it is just something that even if you are not going to use 
it, as being like a select in that sequence that you 
originally thought.  
A & M Class 3 - Anticipating and Monitoring 
When we discuss the parts of 5 practices with 
anticipating, monitoring, selecting, sequencing, and 
connecting, like that whole mini lesson that we taught or 
enacted, and acted as the student storing, really helped.  
Because if I had read the book and just tried to do that 
without messing up in front of the class, and really 
messing up because we definitely changed our entire 
approaches in the 30 minutes that other groups went, 
before we went.  So doing that with the class and with 
guidance even though the guidance didn’t come until the 
end. You know just seeing it happen, because I was 
completely unfamiliar with this type of lesson planning, 
and implementing this type of lesson.  Also coming from 
a background where from K to 12 it was entirely lecture 
teacher fronted. You know with a few exception like my 
freshman biology teacher, which why I’m in this program 
to begin with. 
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Co-Planning 
Sessions where students 
co-planned and provided 
feedback to each other on 
their planning 
So, co-planning was very helpful. Seeing who I was 
paired with. We have talked since and we have very 
similar classrooms. I don't know if it was set up that way 
whatever we were planning, or like paired together, but it 
worked very well.  Seeing like what her kids want to do. 
What my kids I was planning on doing what I hope for 
them to do and comparing the types of tasks that we 
have. Because I realized that my tests were very simple 
compared to what she was giving her students and then I 
could push mine more. 
Technological 
Resources 
Sessions focusing on 
planning and using 
technology in science 
lessons 
Resources, effective use of technical logical resources. 
That is helpful because I think like everything that I find 
in our curriculum is not good, or not great we’ll say. So 
a lot of the tasks that I find, I find inspiration for on the 
internet, whether it’s like teaching blogs, or I did this, or 
it’s different types of activities. Those are usually what I 
use for my tasks. 
Assessment Sessions on writing assessment questions 
Then last thing that I think helped was when we talked 
about writing assessment items. I think that it is 
important in doing these because I mean for the large 
portions of students they are going to have to take a test. 
So the information can be through the discussion, still 
needs to be able to be assessed, but assessed in way that 
like is fair to your classroom, and what you are doing. 
Lesson Arcs Sessions on Lesson Arcs in planning 
Lesson arc is important to figure out where I’m coming 
from and where I want to go from here. Because if you 
just try and stick a discussion somewhere in the middle 
without really having anywhere to take it to, then it 
doesn’t really serve any purpose. Because you talk about 
this, but why should I care about that tomorrow kind of 
thing.  So, lesson arcs helps me kind understand of how 
all lessons kind of work together and how you can make 
those connections clear to students. 
Literacy Supporting literacy sessions 
Because I wanted to do reading-based discussions, it was 
really important for me to have these techniques, and 
these ways of supporting their learning and supporting 
their literacy.  So that it makes it accessible, and can help 
them improve it without scaring them off and just making 
them give up, because they don't understand or they don't 
have the tools. Or I didn’t provide them with the tools 
they needed to be able to understand the text, and get the 
information out of it. 
Learning Cycle 
Sessions on planning and 
implementing learning 
cycle lessons    
 
The learning cycle, I mean I think that that’s a really 
valuable thing to learn, because it is not always able to 
be done one day. 
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T&L 3 
Classes during Teaching 
and Learning 3 (Spring 
Semester) 
And whenever [the instructor] started talking , he didn’t 
talk about the five practices.  These alarm bells off –were 
going off in my head and I was like, “What are we 
learning today?”  And then about a minute later 
whenever he started talking about like, “Oh, I’ve got this 
problem,” I was like, “Oh, my goodness.  He’s doing a 
five practice [laughter].”  And from there I was like, 
“Okay.  Just like play along, but just absorb everything 
you can.”  And from that moment like I was – like every 
transition he made, and every like different movement, 
and like what he was thinking or where he was in the 
classroom, I just tried to pay attention to ‘cause I really 
wanted to see what this actually looked like –for someone 
to be doing that.  
Learning Cycle 
& Five 
Practices 
Class 2 - Sessions 
focusing on engaging as 
students in the Learning 
Cycle and 5 Practices 
lessons 
I remember the instructor telling us that if you could 
design, like, a lab activity, and make the kids think that 
it’s real, you know, that they’re a lot more engaged with 
it, that they’re a lot more willing to participate and help 
out and try to do stuff like that. 
Formative 
Assessment 
Class 3 & 6 - Sessions on 
formative assessment 
during lessons 
I felt like those were really helpful because, I mean, I 
knew what formative assessment was, and I knew how to 
make a monitoring tool, but I didn’t know how to use it in 
a way that would make it work for me.  So I felt like it 
had to be this thing that I had to have, but I didn’t really 
see a whole lot of value in it.   
High-Demand 
Tasks 
Class 4  - Sessions on 
planning and designing 
high-demand tasks  
I actually really like that one too, because that made me 
think a lot about the stuff like, are you giving work just to 
make it harder, or are you trying to take away some of 
these things?  
Scaffolding 
Class 7 - Sessions on 
scaffolding lessons and 
tasks 
The scaffolding and I think the maintaining high 
cognitive demand kind of go hand in hand with each 
other of what do you give students to help them along 
without – making the task now simple again.  But I think 
a lot of times when we think, “Oh we’re scaffolding,” 
we’re really not; we’re just making the whole thing 
easier for them to actually do. 
Maintaining 
Cognitive 
Demand 
Class 8 - Sessions on 
maintaining cognitive 
demand  
And then I also circled scaffolding.  So, I thought the 
scaffolding lesson was very helpful because often, I’m 
trying to find a balance between lowering the cognitive 
load without lowering the cognitive demand. 
IP Task 
PST describes how he/she 
created or designed IP 
task(s)  (see Brown, 2009 
Offload PST used task as is regardless of source 
It was pretty much as is, except for instead of having 5 
students throwing balls around the room, I just had 2. 
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Adapt 
PST revises and adapts 
task in an effort to meet 
needs of lesson and 
students 
My, um… the curriculum has this mole lab, right?  that’s 
in there that they… give us.  Um, with no directions.  And 
it wasn’t formatted really well… um, and it was just like, 
“Do the mole lab.”  Okay.  Um, so I had that mole lab, 
and from… that – I mean, I had all these lists of, like, 
how many whatevers – how many molecules in a sugar 
cube, how many this or this?  So I changed some of them 
to be more practical, um, ‘cause I wasn’t gonna go find, 
like, a liver or something. 
Improvise PST created new task for the lesson 
So, the first one that I ever taught was this one about 
mitosis. The idea for the task really kind of just came out 
of nowhere. I just had this kind of crazy idea. 
PST Learning 
 
PST identifies what 
he/she has learned over 
the course of the year  
Well, honestly I think that [laughs] for the most part it 
really helped me learn about my kids.  
Challenges 
PST identifies challenges 
to teaching this type of 
lesson (5P) 
I think a lot of it was a difficulty of it not being a routine 
that was established until later in the year.   
Time 
Constraints 
PST describes time being 
a constraint of planning 
and teaching a Five 
Practices discussion 
 
Personal PST describes limited personal time to plan 
So first off, not having enough time to plan them, because 
it does take a lot of effort to be able to anticipate and 
build some questions that are really going to guide 
students to where you want them to be, but also within 
the curriculum.   
Curriculum 
PST describes not enough 
time in curriculum to 
have discussions  
I would just say that, uh, I had to be conscious though of 
how much time I was spending doing it.  You know, like I 
wouldn’t want to spend a third day doing it, because you 
know, if it was the one day of the normal lesson 
School Norms 
PST describes norms and 
routines of the school 
hindered students’ ability 
or willingness to openly 
participate in the 
discussions productively 
So my students aren’t used to having academic 
discussion in class, and respectfully responding to one 
another, and even just being quiet while somebody else is 
talking.  So that took us a long—still is taking us a long 
time to get there.   
Mentor 
Flexibility 
PST describes mentor's 
willingness or flexibility, 
or lack thereof, to allow 
more discussions in 
her/his classroom 
Which when I was talking to my mentor teacher about it, 
he was like, “You need to stop doing that [laughter] 
‘cause like those discussions are kind of long.  You’re not 
getting through enough material.” 
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APPENDIX F 
EXAMPLE INSTRUCTIONAL PERFORMANCE 4 MONITORING TOOLS 
F.1 KRISTEN INGALL’S MONITORING TOOL FOR INSTRUCTIONAL 
PERFORMANCE 4 
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F.2 BONNIE KYLE’S MONITORING TOOL FOR INSTRUCTIONAL 
PERFORMANCE 4 
Group 1: 
Sets: 2 (S), 3 (SR) and 4 (DR) 
 
Patterns: 
Bonds change 
 
Number of atoms 
 
Types of atoms 
 
Naming: 
Word in other contexts 
 
Correct 
 
Incorrect 
 
SEP: 
Group 2: 
Sets: 1 (D), 3, (SR), and 4 (DR) 
 
Patterns: 
Bonds change 
 
Number of atoms 
 
Types of atoms 
 
Naming: 
Word in other contexts 
 
Correct 
 
Incorrect 
 
SEP: 
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Group 3: 
Sets: 1 (D), 2 (S), 5 (C) 
Patterns: 
Bonds change 
Number of atoms 
Types of atoms 
Naming: 
Word in other contexts 
Correct 
Incorrect 
SEP: 
Group 4:  
Sets: 2 (S), 3 (SR), 5 (C) 
Patterns: 
Bonds change 
Number of atoms 
Types of atoms 
Naming: 
Word in other contexts 
Correct 
Incorrect 
SEP: 
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F.3 NANCY HALL’S MONITORING TOOL FOR INSTRUCTIONAL 
PERFORMANCE 4 
  
Genotype vs. Phenotype Explanation Misconceptions Notes 
Group 
1 
___ genotype linked to 
chromosomes/DNA       
___ phenotype linked to 
appearance         
___using Punnett square/3:1 ratio?                                                                                           
___ using verbal explanation                                          
___using other device to explain                                   
___ incorporating parental input (1 copy 
each)         ___correct explanation? 
__ Different traits are 
caused by cross- or self- 
pollination                           
__ Ratios askew                         
__ other 
 
Group 
2 
___ genotype linked to 
chromosomes/DNA       
___ phenotype linked to 
appearance         
___ using Punnett square/3:1 ratio?                                                                                         
___ using verbal explanation                                          
___using other device to explain                                   
___ incorporating parental input (1 copy 
each)         ___correct explanation? 
__ Different traits are 
caused by cross- or self- 
pollination                           
__ Ratios askew                         
__ other   
Group 
3 
___ genotype linked to 
chromosomes/DNA       
___ phenotype linked to 
appearance         
___ using Punnett square/3:1 ratio?                                                                                           
___ using verbal explanation                                          
___using other device to explain                                   
___ incorporating parental input (1 copy 
each)         ___correct explanation? 
__ Different traits are 
caused by cross- or self- 
pollination                           
__ Ratios askew                         
__ other   
Group 
4 
___ genotype linked to 
chromosomes/DNA       
___ phenotype linked to 
appearance         
___ using Punnett square/3:1 ratio?                                                                                           
___ using verbal explanation                                          
___using other device to explain                                   
___ incorporating parental input (1 copy 
each)         ___correct explanation? 
__ Different traits are 
caused by cross- or self- 
pollination                           
__ Ratios askew                         
__ other 
  
Group 
5 
___ genotype linked to 
chromosomes/DNA       
___ phenotype linked to 
appearance         
___ using Punnett square/3:1 ratio?                                                                                           
___ using verbal explanation                                          
___using other device to explain                                   
___ incorporating parental input (1 copy 
each)         ___correct explanation? 
__ Different traits are 
caused by cross- or self- 
pollination                           
__ Ratios askew                         
__ other 
  
Group 
6 
___ genotype linked to 
chromosomes/DNA       
___ phenotype linked to 
appearance         
___ using Punnett square/3:1 ratio?                                                                                           
___ using verbal explanation                                          
___using other device to explain                                   
___ incorporating parental input (1 copy 
each)         ___correct explanation? 
__ Different traits are 
caused by cross- or self- 
pollination                           
__ Ratios askew                         
__ other 
  
339 
F.4 FLORENCE EDWARD’S MONITORING TOOL INCLUDED IN HER 
INSTURCTIONAL PERFORMANCE 4 ARTIFACT PACKET   
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F.5 XAVIER IDOL’S MONITORING TOOL FOR INSTRUCTIONAL 
PERFORMANCE 4 
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APPENDIX G 
NANCY HALL’S SELECTING AND SEQUENCING FOR INSTRUCTIONAL 
PERFORMANCE 4 
Group 1 
Presentation 
I selected this group's presentation first because it covers some of the basics of the task that I asked 
for but it shows a misconception.  Particularly, it shows an incorrect ratio of offspring in the F2 
generation (66.6 % of offspring have yellow peas).  I expect that this will be called out by other 
students fairly quickly.  They have the correct proportions verbally written; 1 green pea for every 3 
yellow peas, so I will try to get them to see the difference.  Charting on the board may also help to 
show this relationship. 
Group 3  
Presentation 
This presentation shows a fairly complete summary of all the data that we have seen so far, 
including Mendel’s peas (though there is an absence of the ratio) and the sex 
chromosome Punnett square.  It is unclear if there is a misconception embedded in this 
presentation about blending; I notice that the color of the "genotype" green peas is a little 
lighter than the phenotype green peas and I wonder if this is because these students have a 
notion of these genetic factors blending in offspring. 
Group 2 
Presentation 
This presentation incorporates the Punnett square, but uses it in a way that reflects only the 
phenotype (yellow vs. green) instead of the genotype (which would require incorporating the 
notion of chromosomes and inheriting one chromosome of each pair from either parent).  This 
presentation has the raw material in it to really connect genotype to phenotype: it shows that 
"yellow" and "green" are being inherited in a Punnett square-like fashion (which is something that 
I have not shown students).  These students give the parental genotypes to be "Yellow Yellow" 
and "Yellow Green" though they should both be "Yellow Green."  Keeping Group 3 and Group 2 
presentations up together at the same time and talking about them both might help students to 
make these connections as we discuss. 
Synthesizing 
Group 3 and 
Group 2 
Presentations by 
stacking the deck 
Keep both group 3 and group 2 presentations on the board, put up a new poster in between them.  
"I think that there are some really important ideas in these presentations, and they go together 
really well.  I want us to all focus as a class to try and merge what is going on in these two 
presentations.  I want you all to grab a piece of lined paper so that we can try and get down the 
essence of what is going on between these two posters."  How many copies of each chromosome 
do you get from each parent?  
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APPENDIX H 
XAVIER IDOL’S INSTRUCTIONAL PERFORMANCE 4 TASK 
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APPENDIX I 
EXAMPLE INSTRUCTIONAL PERFORMANCE 4 LESSON PLANS 
I.1 KRISTEN INGALL: INSTRUCTIONAL PERFORMANCE 4 LESSON PLAN 
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354 
355 
356 
357 
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I.2 SCOTT XANDER: INSTRUCTIONAL PERFORMANCE 4 LESSON PLAN 
362 
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364 
365 
366 
 
 
367 
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I.3 NICOLE TIMKO: INSTRUCTIONAL PERFORMANCE 4 LESSON PLAN 
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370 
371 
372 
373 
374 
375 
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